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1.0 INTRODUCTION
1.1 BACKGROUND

The navigable waterways of the United States have played a vital role in the
nations economic growth through the years. In order to fulfill its mission
to maintain, improve and expand these waterways, the Corps of Engineers must
dredge and dispose of large quantities of sediment each year. The quantity
of dredged materials averages about 290 million cubic m annually
(Francingues 1985). The disposal of these materials in an envirormentally
acceptable manner is one of the first priorities in any dredged material
management strategy.

The disposal alternatives for uncontaminated dredged materials include open
water disposal, confined (upland) disposal or alternate beneficial uses of
the dredged material. The use of all three alternatives is considered the
best long-term management strategy when developed in concert with other
federal, state and local agencies.

In recent years, increased utilization of lands in coastal areas for
recreational, industrial, military and energy developments has resulted in a
tremendous demand for lands located in adjacent coastal areas. At the same
time, existing dredged material disposal sites are reaching their
capacities. Thus, while the amount of dredged material requiring proper
disposal is increasing, the availability of suitable upland sites is
declining. As a result, open—water disposal is the most cost effective
strategy in many coastal situations. In order to minimize the envirommental
impacts of such a strategy, alternate techniques of open-water disposal need
to be investigated.

One such method, called "thin-layer" disposal, has been identified as a
possibly favorable open—water dredged material disposal technique from both
the econamic and ecological viewpoints. This method involves the controlled
dispersion of dredged material over a large area of water bottom which
reduces the bathymetric and hydrologic impacts to the system and thus
minimizes impacts on biological resources. It is assumed that recovery from
such a disposal technique would be rapid since the disposal would resemble
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natural seasonal or other periodic events such as storms, spring freshets,
frontal passages and hurricanes that disturb the benthic envirorment and
move sediments.

This final report presents the findings of investigations on a thin-layer
disposal cperation at Gulfport Harbor, Mississippi during 25-26 December
1986 and the physical, chemical and biological conditions in the disposal
area both before and up to 52 weeks after the disposal operations. The
results of this study, along with the results of a similar study at Fowl
River Alabama, will provide information useful in determining the advantages
and disadvantages of this disposal technique.

1.2 OBJECTIVES OF THE STUDY

The objectives of this study were to monitor the physical, chemical and
biological changes that occurred as a result of the disposal activities and
assess the impacts of these changes on biological resources in the disposal
area (Figure 1.1-1). To accamplish these abjectives required the
integration of several techniques commonly used in various disciplines of
envirommental sciences.

In order to became an acceptable method for dredged material disposal,

many questions must necessarily be answered. These include questions on

1) the physical impacts of the disposal operation and the effectiveness of
the dredging system in achieving the desired "thin-layer" effect; 2) changes
in water quality during the dredge material disposal operation; 3) impeact to
the bottom dwelling commmnity by the dredge disposal perturbation; and 4)
the effect on the fisheries resources in the vicinity of the disposal
operation. Specifically, this contract was to (a) measure and characterize
disposal-induced susperded sediment fields as compared to ambient
conditions; (b) assess changes in sediment characteristics resulting from
thin-layer disposal; (c) evaluate the effectiveness of the particular dredge
plant used in attaining a uniform "thin-layer" overburden; (d) determine the
areal extent of overburden and changes in distribution of disposed material
through time; (e) determine the persistence of the overburden through time;
(f) assess the impacts of disposal on the benthos; (g) establish the rate

E-2
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and method of recovery of the benthos to pre-project conditions; and (h)
determine whether or not utilization by fisheries resources differs in the
disposal area as compared to surrounding reference areas (U.S. OOE 1986).
Bathymetric surveys were conducted both before and after dredging operations
to quantify the change in sediment depth and the areal extent of coverage.
This information was used to evaluate the efficiency of the thin-layer
disposal methodology by directly measuring the extent of the overburden and
cbserving the changes in the overburden materials over time.

Anbient water quality conditions were determined during a predisposal survey
conducted two weeks prior to the dredging operation. A second water quality
survey was planned during the dredging operations but was not completed due
to several difficulties. These difficulties included 1) an underestimate of
the amount of time required for the dredging activities to be completed, 25
hours actual vs. 72 hours estimated; 2) poor commmication between dredge
operator and contractor before dredging commenced; and 3) lack of
commumnication with the dredger and contractor during Christmas day.

Charges in the resident benthic macroinfauna commnity are often used to
assess the impacts associated with envirommental perturbations. Because of
their short lifespan and their relatively sessile nature, the organisms
which make up this commmnity are a good indicator of the integrated changes
in the physical, chemical and biological enviromment over a period of one to
several weeks. Thus, studies investigating the impact of the dredging
operations on this commmity were performed. Specifically, sampling
programs for this project were designed to determine 1) how is the benthic
camunity impacted both qualitatively and quantitatively; 2) how long does
recovery take; and 3) what portion of benthic commmity recovery is due to
upward migration of the existing organisms and what portion was due to
recruitment of juvenile organisms by post-larval settling from the plankton
and recolonization fram adjacent undisturbed areas. The role these
interaction plays in system recovery will thereby be evaluated.

In order to insure that the macroinfauna infauna commmity sampling
adequately detected impacts fram the dredge operations, two sampling




strategies were used. The first utilized the classical technique which
consisted of dividing the study area into 3 areas ( 1) a reference area
surrounding the site to receive the dredged material, 2) the area actually
used for the disposal and 3) an area intermediate to the disposal and
reference area referred to as the fringe area) and taking an equal number of
replicate cores (8) at two randomly selected stations within each sampling
area. The second technique cansisted of placing a fixed grid of 60 stations
which were ooccupied for each predisposal and post-disposal sampling event.
Comparison of the techniques provided insight into the adequacy of the
sampling methodologies for detecting impacts due from disposal operations.

Vertical sediment profiling, the technique of taking cross-sectional in-situ
images of sediment layers can provide the best quantitative data on the
success of the thin-layer disposal operation at meeting the design criterion
of a nominal 6-12 inches of dredged material thickness. The sediment
profile camera is capable of profiling a maximum of approximately 8" (20 cm)
of sediment and can detect layering of sediments on the order of
millimeters, thereby providing a highly detailed record of the dredge
overtarden. Application of this technique to the disposal operation at
Gulfport Harbor has provided detailed information on the extent and coverage
of the operation.

Fisheries studies were conducted to assess the changes in the utilization of
the of the disposal area by fisheries resources. Fish data also provide a
useful comparison to benthic macroinfauna since fishes are a highly motile
and comparatively transient part of the faunal commmity utilizing the study
area. This assessment encompassed both the vertebrate and invertebrate
demersal organisms, as collected in trawl samples, and was used to determine
the impact of the operation on this valuable resource.

Each of the separate objectives has provided useful data that may be used to
evaluate the envirormental impacts associzted with open-water thin-layer
disposal. As a whole, they provide a comprehensive picture of the overall
effects and integrated changes of the physical, chemical and biological
aspects of the Gulfport Harbor disposal site.

E-5



2.0 METHODOLOGY
2.1 PHYSICAL/CHEMICAL ENVIRONMENT

2.1.1 Bathymetry Surveys

Bathymetric surveys were conducted both before and after dredged material
disposal operations to quantify the rise in sediment depth and areal extent
of sediment deposition. These data were used to evaluate the efficiency of
the thin-layer disposal methodology. In addition, results of the
bathymetric surveys were used to evaluate changes observed in the commmity
structure of both benthic macroinvertehrates and fishes in the disposal and
fringe areas.

Bathymetric surveys were conducted in the disposal , fringe and reference
areas of the Gulfport Ship Channel open water disposal site (see

Figure 2.1-1). Sounding lines were placed at 100-foot (ft) intervals
oriented in a northwest-to-southeast direction, extending into the reference
areas. Five perpendicular lines were run to check the accuracy of depth
data. Depth measurements were taken at 25-ft intervals.

A total of four bathymetry surveys were conducted: one predisposal survey
2 weeks prior to initiation of dredging and three post-disposal surveys 2,
6, and 20 weeks after termination of dredging. Water depths were measured
with a Raytheon Model DE-719B fathometer. The DE~719B is a survey-grade
fathometer capable of operating in depths between 2 and 410 ft. Given the
depth of the study area (9 to 11 ft), the DE-719B was accurate to within
+/-0.2 ft. The fathometer was calibrated at the beginning of each day, as
well as periodically thereafter as needed. The calibration was accomplished
with a graduated sounding line equipped with an acoustic target. The
fathameter was equipped with a narrow-beam transducer, tide and draft
adjustment, and speed-of-sound compensation to ensure accurate measurements
with high resolution.

A Del Norte Model 202-MS20 Trisponder Navigation System (DINS) was used to
contimiously determine the boat’s position during each survey. DINS is a
microwave positioning system that is accurate to +/-3 ft. The system uses
triangulation position fixes based on distances from two (or more) shore-

E~6
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based reference stations. A total of three shore-based reference stations
were used during surveys at the Gulfport Ship Channel Study Site. Because
this study required not only precise depth readings but precise position
information as well, each of the shore-based reference stations was located
at a benchmark with known horizontal control. Since precise transect lines
were also required for this study, the DINS was interfaced with an
Autocarta real-time positioning and recording system. The Autocarta
system consisted of a microcomputer, helmsman left/right display, data
terminal, and magnetic tape data recorder. Both the fathometer and Del
Norte navigation system were interfaced with the Autocarta system to
provide completely autamated data collection. Using this system, the
transect grid was preprogrammed prior to the first survey. The vessel
operator then followed the pre-established grid lines using the helmsman’s
left/right display, ensuring the transect lines were spaced properly at 100-
ft intervals.

Position fixes, depth, and real time were automatically recorded on magnetic
tape by the Autocarta system. Data points consisting of depth, position,
and real time were recorded at 25-ft intervals along each of the survey
lines. To allow comparison of one set of bathymetric data to another, depth
readings were referenced to National Ocean Survey (NOS) Mean Low Water
(MLW). Because actual water levels at any given time are a function of
tides, winds, barometric pressure, and other factors, the use of predicted
tides from the NOS Tide Tables would be insufficiently accurate for
adjusting recorded depths to MIW. Therefore, a continmuous recording tide
gage was installed at Gulfport Harbor to provide site-specific water-
elevation data. A Leupold-Stevens Type A Water Level Recorder was used to
continuously measure actual tide data during the bathymetric surveys.
Water-elevation data also were abtained from the Harrison County Civil
Defense Council, located in Gulfport, Mississippi. The Civil Defense
Council operates a network of water-elevation monitoring stations, with ane
site located at Gulfport Harbor.

All bathymetric data were processed using Environmental Science and
Engineering, Inc.’s (ESE’s) automated data handling system. In the office,
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data consisting of depth, position, and time were transferred from magnetic
tape directly to a personal computer. The water depths were then adjusted
to MLW based on water-level data collected by the water-level recorder
located at Gulfport Harbor. This new data file was then transferred to
ESE’s Prime 750 computer and subsequently transferred to the North East
Regional Data Center (NERDC), located at the University of Florida, where
the contouring package Surface II was used to produce the bathymetric
contours presented in Section 3.0 of this report. Areas of sediment
deposition equal to or greater than 0.5 ft were measured using a planimeter.

2.1.2 Water Quality

Water quality investigations were conducted to assess the impact of dredging
operations on dissolved oxygen (DO), salinity, temperature, total suspended
solids (TSS), and current speed and direction. Ambient water quality
conditions were determined concurrent with the predisposal bathymetric
survey conducted 2 weeks prior to the initiation of dredging. A second
water quality survey was to be implemented during dredge disposal
operations. However, due to logistical problems, described in the
introduction, the second water quality survey could not be carried out.

Prior to dredging, a sampling grid consisting of eight evenly spaced water
quality stations was located within the disposal site (see Figure 2.1-2).
DINS was used to identify the exact location of all stations. A control
station was located 2,400 ft up the bay, north of the disposal area, with
another control station located 2,400 ft east of the disposal area. All

10 stations were sampled a total of 12 times, 6 during ebb and 6 during
flood tide. Measurements were taken at four depths (5, 50, 80, and

95 percent of total water depth) at each station. DO, specific conductance,
and temperature were measured at each of the four depths at all 10 stations
using a Hydrolab 4041 water quality monitor. All meters were calibrated
according to manufacturers’ instructions at the beginning of each field day.
Salinity was later calculated using specific conductance values obtained in
the field. All measurements were accurate to within 0.1 degree Celsius (°C)
for temperature, 0.1 parts per million (ppm) for DO, and 0.1 parts per
thousands (ppt) for salinity. Current direction and velocity were measured
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using an ENDECO 110 current meter. Discrete water samples of

250 milliliters (ml) each were taken from all four depths at each of the 10
stations. Samples were returned to ESE’s laboratory in Gainesville,
Florida, and analyzed for TSS. All water samples were collected using a
Jabsco electric diaphragm pump and maintained at 4°C from the time of sample
collection until analysis. A flexible hose from the water pump was zattacned
to the Hydrolab probe housing to provide accurate depth measurements for TSS
samples. All TSS samples were analyzed within the required 7-day hol”ing
time.

2.1.3. Vertical Sediment Profile Imagery.
Vertical sediment profile imagery was ocbtained at each of the 60 fixed

benthic stations and an additional 12 floating stations each sampling
period, for a total of 360 images (72 stations x 5 sampling periods).
Within each treatment area at 2 randomly selected stations 3 replicate
images were collected during each sampling period for a total of 90 images
(2 stations x 3 areas x 3 reps. x 5 sampling periods). A modified Benthos
Model 3731 Sediment Profiling Camera was used to obtain all images and the
International Imaging Systems Model 75 image processor to interpret and
analyze the images (see Table 2.1-1).

Since the main objective of the Benthic Profiling Task was to document the
thickness of placed material and impacts of the disposal operation we used
both color slide (Kodachrome) and Black and White (Pan-X) film. The color
film provided the best contrast for identifying the dredged material
layers, and also the RPD boundary. The image analysis was done in color
since the tonal qualities of Kodachrame film far exceed those of any black
and white film, better matching our image processing capabilities. The
color film also allowed for a much more detailed visual evaluation of
dreded material thickness and general envirommental conditions. The main
advantage of black and white film was in cost of reproduction of images for
reports. TAI used color film at half the stations, and black and white film
at the other half of the statioms.

From every station two 8 x 10" positive prints from black and white or two
slide copies from Kodachrome film were made and delivered to the contracting
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Table 2.1-1. Modifications made to Benthos Inc. sediment profile
camera.
Modification Reason

Replaced standard Olympus 50 mm
lens with a 50 mm macro lens.

Placed a hubble level within the
prism to show on each image.

Illumination of the surface
immediately in front of the prism
window with a Slave Strobe.

Mounted a Benthos 372 camera and
382 Strobe on the sediment profile
frame to provide separate surface
images for evaluation of surface
features.

To improve image clarity,
particularly at the edges
of the image.

To provide a level reference
point so surface roughness and
bed forms, can be accurately

interpreted.

To provide increased detail of
surface features near the prism
window.

Sediment profile images do not
consistently record surface
features. If the prism
penetrates below the optical
axis of the camera (a depth of
about 10 cm) surface features
camnot be seen with any
consistency.
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officer. An additional ooy was retained by the contractors for future
analysis and interpretation. The information obtained frcm sediment profile
images was, at a minimm, all those parameters listed in Table 2.1-2. All
images from each sampling period were processed, interpreted, and an
interpretive interim report was written within 30 days after the completion
of each field sampling effort. This report, as a minimum, contained a
narrative interpreting each of the parameters measured, tables of all
measurements made, station numbers and locations, and date and time of

sampling.
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2.2.0 BIOLOGICAL RESOURCES

2.2.1 Benthic Macroinfauna

The outcame of any technical investigation is limited by its initial
design. In envirommental monitoring studies, such as the subject of this
report, the statistical design selected at the beginning of the project
will determine the resolution of the analyses ultimately performed on the
data. Same knowledge of the variability of each of the parameters studied
must be known in order to select the appropriate sampling frequency and the
proper number of replicates. Further discussion is provided at the end of
this section.

Benthic macroinfauna samples were taken from 60 fixed stations located
within the OOE designated sampling area (Figure 2.2-1). Since it was
critical that the relationship between the sediment profile photos described
in the sediment profiling section below and the benthic macroinvertekrate
samples adbtained be precisely delimited, all benthic samples were located

in a manner that allowed for subsequent statistical analysis between the
macroinfauna and the sediment profile images. One concern was the physical
impact the =sampling would have on the bottom. For example, deployment of
the sediment profile unit disturbed approximately 25 square feet of bottom.
Both the macroinvertebrate sampling and the sediment profile sampling
impacted the area, and this impact may have been detectable in subsequent
samplings if precautions were not taken. In order to avoid the inclusion of
sampling artifacts in the data, the following sampling procedure was
implemented. A fixed site was designated as an area of 6 X 6 meters (36 m?)
with a fixed center. One sample was taken with a box core sampler with a
.25 square meter coverage at each station as fixed by the Del Norte range
finder system. Only one replicate was taken at the sixty fixed stations.
Each sample was then gently sieved with a bucket containing 500 micron mesh
screening.

In addition to the fixed sampling described above, a random sampling for
benthos was also performed. During each sampling period, eight box core
samples were taken at each of 2 randomly selected stations with each
sampling strata (disposal, fringe and reference areas).
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The samples were relaxed in the field by cooling the sieved samples dowr. ©o
4° C. Upon return from a days sampling effort, the organisms and associated
detritus were preserved in a 10 percent seawater-buffered formalin-rose
bengal solution. This method has proven to be most effective in preventing
organism fragmentation.

In the laboratory, initial separation of preserved-staineci organisms was
accamplished using a lighted magnifying lens. This was fullowed by
separation into size classes by gently washing the organisms through a
series of stacked sieves of 6.5, 3.5, 2.0, 1.0 and 0.5 mm mesh sizes.
Sarples then underwent a final sorting into major phylogenetic groupings
before taxonomic identification was begun.

Identification of the fauna was to lowest practical taxonomic level, usually
to the species level, and was done, prior to weighing, on every wet weight
biomass fraction. Voucher specimens were then sent to appropriate taxoncmic
referees. Upon completion of all primary and secondary identifications,
samples will be returned to the U.S. Army Corps of Engineers for proper
disposition.

All macroinfauna were divided into major taxonomic groups, within their
respective size classes, and weighed for wet weight biomass after processing
for taxonomic identification was completed. Since the organisms had been
stored in alocohol prior to analysis, some osmotic dehydration of the
organisms was expected, and was considered to result in a constant negative
error in the wet weights as compared to living tissue. All organisms were
removed fram their storage vials and blotted dry with filter paper prior to
weighing. Special care was taken to ensure that samples were not damaged by
handling and desiccation exposure during the weighing process. All weights
were determined with a Mettler model AE163 analytical balance with a
readability of 0.01 my and a reproductibility of +/- 0.02 mg. All
measurements were recorded to 5 significant decimal places. All weights
were cambined for reporting purposes and averaged over the entire sampling
strata.

E-19




In addition to the previous analyses, the presence and possible impact of
recruitment was addressed. The use of a 0.5 mm sieve cannot adequately
follow the early recruitment events of the settling of post-larval fauna.
To better understand recruitment patterns between treatment areas, a 10 cm
diameter by 2 cm deep core was taken from an additional sample collected
with the boxcore dredge from 30 of the fixed benthic stations occupied and
washed through stacked 0.5 and 0.25 mm sieves. Each fraction was relaxed in
the field with ice, and later preserved with rose bengal-formalin when
returned to the laboratory for processing. In the lab, the 0.5 mm fraction
was rough sorted, weighed for biomass determination and archived for
possible future processing. The 0.25 mm fraction was processed to the
lowest practical taxonomic level, usually to the genus or family level.
Biomass of the 0.25 mm fraction was then estimated at all stations. Since
the organisms in the 0.25 mm sample are so small, a bicmass conversion
factor was determined for each major taxonomic group and applied tc the
total number of individuals in a sample.

A subsample for sediment grain size analysis was also taken at each of the
60 benthic stations with a 2.5~cm diameter core tube. Only the top 5 cm was

subsampled for analysis. All samples were then processed for grain size
analysis.

Rerorts of the benthic data include standard taxa tables with summaries of
individual species, major taxonomic groups and station summaries including
total number of organisms, total number of species, mean number of
organisms, 95 percent confidence limits and Shannon-Wiener diversity.

The entire sampling regime for the project was based cn a statistical design
to test the hypothesis that there are no differences in any of the
parameters between the disposal, fringe and reference areas. The three
areas then follcwed a two factor design with interaction. The two factors
tested were sampling area (disposal, fringe or reference), a spatial factor,
and sample period (pre, post 2 weeks, post 6 weeks, post 20 weeks and post
52 weeks), a temporal factor.
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The statistical analysis performed on the macroinfauna samples was divided
into three major sections: a) descriptive statistics; b) analytical
statistics and; c) classification, ordination and response surface analyses.
Descriptive statistics are those that describe the nature of the data (mean,
standard deviation, standard error) and determine whether the data meet the
requirements of other statistical tests to be performed (skewness, kurtosis
and normality). Analytical statistics are those that test a hypothesis
utilizing probability statistics such as whether two means differ
significantly or whether a relationship between two variables is
significant. Classification, ordination and response surface statistics are
useful in illustrating commmity responses to changes in environmental
variables and integrate complex relationships into more manageable and
therefore more understandable display. The BMDP (Dixon 1983) statistical
software package, running on an IBM-XT was utilized for univariate and
analytical statistics. Two-way analysis of variance for repeated measures
(BMDP-P2v) was applied to the data from all sampling periods to test for
spatio-temporal differences.

Descriptive statistics were performed on an IBM-XT and AT microcomputer
utilizing commercially available packages called Symphony (IM) and dBase
III. Additional descriptive statistics were performed utilizing C programs
written for an IBM microcomputer (diversity indices). Cluster analyses and
Ordination analyses were performed using programs developed by Taxonomic
Associates.,

Q and r-mode Cluster analyses were performed on the macroinfauna abundance
data. The Q-mode analyses were performed to compare similarities between
stations. Separate runs were performed with the operational taxonamic units
(UTUS) representing each station in the 60 fixed-station grid (60 OIUS).

The r-mode analyses were performed to allow for cammnity comparisons
(relationships between species) between the sampling strata and between
sampling periods. All runs were performed using the dissimilarity measure
with flexible sorting.
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Both Q-mode (stations are the operational taxonomic units (OTUS)) and r-moce
(species are the OTUS) clustering were applied to each of the monitorinj
periods. In order to view the resulting dendrograms for this study in 1
meaningful format, it was decided that a single similarity index would be
used for the plots. Since different indices result in variable dendrograms
and hence interpretations, several were applied to the Gulfport database ard
a conbirations of indices and clustering techniques were used. Based on tlre
results of these preliminary analyses, a constant set of statistic

parameters were selected.

In many resemblance measures (such as Bray-Curtis), attributes (species)
with large scores generally overweigh an analysis, whereas less abundant
species are rendered relatively unimportant. The Canberra metric minimizes
some of the effect of predominant species on quantitative cluster analysis.
It has been used in aquatic ecological studies (Boesch 1977) and because of
its characteristics has been chosen for use in this study.

Flexible sorting with a beta value of -0.25 was used to minimize the
"chaining" effect in the dendrograms. This has produced satisfactory
results in a wide range of data sets and has been used in several marine
ecological applications (see Boesch 1977).

Response surface analyses prepared consisted of two and three dimensiocnal
displays of species (or appropriate summary taxa) across the fixed 60
station grid.

2.2.2 Demersal Organisms.
Trawling was conducted from a 42 ft shrimp boat (Sam & Elaine). Sampling

gear consisted of a 16 ft otter trawl with 3/4 inch bar mesh outfitted with
2 ft boards and a 150 ft hridle.

After the campletion of benthic sampling, trawl samples were collected
within four designated areas including the disposal area, a fringe area
north of the disposal area (north fringe), a fringe area south of the
disposal area (south fringe) and a reference area north of the north fringe
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disposal area (south fringe) and a reference area north of the north fringe
area. Within these areas, fixed trawl lines were designated equidistant
between each pair of lines formed by the fixed station transects (See Figure
2.2-2). These trawl lines were spaced approximately 750 ft apart and ran on
an east-west axis. During trawling operations, buoys were spaced at 300 ft
intervals to form a 250 ft safety zone on either side of the random trawl

corridor.

During night trawls, fluorescent light sticks were strapped to buoys prior
to sampling. Also, during the 2, 6 and 20 week post—disposal field efforts,
electric lamps were hung from pvc poles, placed at the fixed stations, for
additional reference points. This assured that no overlap occurred between
fisheries and benthic sampling areas.

Trawling commenced only after the completion of the benthic and sediment
~ofile tasks and trawl corridors were chosen randomly for each of the five
monitoring periods. Trawl distance was standardized to approximately 1300
ft and approximately 2 knots respectively. This assured uniformity of
sampling and prevented overlapping between sampling areas.

Sampling was conducted on alternate days, weather conditions permitting,
until four sets of samples were obtained. Three replicate samples were
collected for each trawl corridor. These sampling periods were divided
between daytime and nighttime collections to produce a diel sampling regime,
thus yielding twenty-four (24) samples in a given 24-hour cycle. Each field
effort, therefore, resulted in the collection of 96 trawl samples. All field
efforts were recorded on standardized field note sheets, and are maintained
on file for future reference.

Upon collectiaon, samples were immediately transferred to 1/4 inch mesh nylon
net bags and placed in a relaxing solution of seawater-buffered 2% formalin.
Samples were then returned to the laboratory and placed in a 10% formalin
solution for fixation. The abdominal cavity of fishes larger than 20 cm was
slit to allow penetration of preservative. Samples were allowed to fix for
approximately 10 days, at which time they were transferred to glass jars and
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placed in a 40% isopropyl alcochol solution for long term storage. All
samples were provided with tyvek labels and marked with permanent indelible
ink for long term curation.

All specimens were identified to the lowest practical identification level
(LPIL), usually to species, and recorded on standardized taxonomy data
sheets. Each specimen, upon identification, was measured for standard
length (SL), and recorded to the nearest millimeter. All primary
identifications were performed by TAI personnel.

Secondary identifications were performed on a select subsample of trawl
samples from each field effort by Dr. Robert L. Shipp of the University of
South Alabama. All secondary identifications were then compared to the
primary identification data, and any discrepancies were investigated and
corrected.

The sampling regime for the fisheries task was designed, as were the
previous tasks, to test the mull hypothesis that there are no differences
between experimental (disposal and fringe) and reference areas (Ho = O, null
hypothesis). The experimental design followed a standardized transect
design with replication. No stratification was assumed to exist within each
of these areas. This design allows for natural inter-area (experimental vs.
reference) variability to be controlled for maximum resolution with the
minimal amount of sampling. The three major types of statistical analyses
performed were: a) descriptive statistics; b) analytical statistics and; ¢)
classification and ordination analyses.

Size—-frequency displays or Hubbsograms (Hubbs & Hubbs, 1953) were prepared
to illustrate size frequency data. Analytical statistics were performed
utilizing BMDP statistical software for the production of ANOVA tables. The
ANOVA tables test a hypothesis utilizing probability statistics such as
whether there is a significant difference in means (x) or the possibility of
significant inter-variable relationships. Classification and ordination
analyses are useful in illustrating commnity responses to changes in
envirommental variables. Cluster Analysis, both Q and r-mode, utilizing the
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Bray-Curtis resemblance measure with group average sorting, were used to
develop similarity indices for the overall sampling designations and .ajc~
species respectively.

All parameters collected during this study, including aspects of the
physical/chemical enviromment and the biological resources are used in
presenting a comprehensive picture of the envirommental impacts associatel
with thin-layer dredged material disposal technology. The integration of
the results obtained during this multi-disciplinary investigation will be
useful in extrapolating the findings presented here to other areas where
this disposal technique is used in the future.
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3.0 RESULTS
3.1 PHYSICAL/CHEMICAL ENVIRONMENT

3.1.1 Description of Study Area

The Study site was located south of the Port of Gulfport within the
Mississippi Sound, an elongate water body located on the northeastern Gulf
of Mexico (See Figure 1.1-1). The mijor axis of the sound runs east and
west and is oriented parallel to tre Gulf. A series of barrier ivland~ mark
the seaward boundary of the Sound. In the vicinity of Gui¢por., Ship Island
ard Cat Island, which are located toward the western end . . Mississippi
Sound, separate the Gulf from the Sound.

The tides of Mississippi Sound are predominately diurnal with an averac
range of 1.47 feet (45 cm). The tides are modified by the basin
bathymetry, winds and river discharge. Sustained south and southeast winds
push water fram the Gulf into the sound whereas north and northwest winds
have the opposite effect (Kjerfve 1982).

Sediments of the sound have been described by Upshaw et al. (1966) who
indicated that the bottoms are composed of silt and clay with some fine to
medium sands. The current study area was reported by Vittor (1982) to be
comprised of sand-silt clay and silty-clay.

The sound is a relatively shallow basin averaging 9.9 feet. On the western
tips of the barrier islands slightly greater depths are found, caused by the
scouring action of the tides (Eleuterius 1976). Between Ship and Cat Island
is the entrance to the Gulfport navigation channel with a authorized
project depth of 32 ft. The Intracoastal Waterway spans the east~west axis
of the sound and has an authorized depth of 12 feet.

3.1.2 Bathymetry
Four bathymetric surveys were conducted at the Gulfport Ship Channel open-
water disposal site to evaluate the effectiveness of the thin-layer dredged
material disposal methodology. Approximately 10,000 data points were
generated during each of the four bathymetric surveys. Each data point
consisted of depth, time, and horizontal position. All water depth data
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were adjusted to NOS MIW prior to contouring. Bathymetric contcrs of the
study area obtained dquring the predisposal survey were used to Getermine the
existing topography of the open-water disposal site.

The predisposal kathymetric chart with contour lines at half-foot intervals
is presented in Figure 3.1-1. Due to foul weather encountered during the
predisposal survey, the eastern-most 600 ft of the fringe and reference
areas could not be surveyed. All of the remainder of the reference, fringe
~nd disposal areas and 450 ft of the eastern fringe area were surveyed
during the predisposal fizld effort. The results of subsequent bathymetric
surveys showed that all of the area which received dredge spoil was covered
during the predisposal survey.

Results of the predisposal survey (see Figure 3.1-1) show the topography of
the study area to be relatively smooth, with water depths gradually
increasing from approximately 10 ft in the northern fringe area to 11 ft in
the southern fringe area. The 10.5-ft contour line was located in
approximately the center of the study area in a general east-to-west
orientation. There was an overall increase in water depth with increasing
distance offshore, at a rate of approximately 1 ft in depth over a distance
of 4,000 ft.

A second bathymetric survey, conducted 2 weeks after completion of dredged
material disposal operations, showed clear evidence of sediment deposition
within the study area (see Figure 3.1-2). The area of greatest sediment
deposition (0.5 ft or greater) was centered within the disposal area. A
camparisor of the predisposal and 2-week post-disposal bathymetric surveys
shows sediment deposition to have also occurred in both the northern and
southern fringe areas of the study site.

A bathymetric chart showing the areal extent of sediment deposition in the
study area was produced by plotting the difference between the 2-week post-
dispoeal and predisposal surveys (see Figure 3.1-3). The weather between
these two studies was typical of the December-January period with the
passage of a cold front on the 26-27 of Decembx <. The study area
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experienced strong northwesterly winds which pushed much of the water out of
the Sound. Very low tides were experienced during this period.

This bathymetric chart has been modified in Figure 3.1-4 to show only those
changes in depth of 0.5 ft and greater, which was the target sediment rise
for the thin-layer disposal methodology.

The inherent variability in the bathymetric surveys induced by the accuracy
of the instrumentation (see Section 2.1.1), as well as the effects of wave
action on the survey vessel, was approximately +0.3 ft. The bathymetric
chart showing the difference between the predisposal and first post-disposal
surveys presented in Figure 3.1-3 contained numerous contour lines
representing changes in water depth of less than 0.5 ft, many of which are
within the range of variability of the overall survey technique. The 0.0-ft
contour lines were removed in Figure 3.1-4 to clearly show the actual area
of sediment deposition of 0.5 ft and greater due to the thin-layer dredged
material disposal operations.

The area of sediment deposition, exceeding 0.5 ft in depth, was located
primarily in the western half of the disposal area as shown in Figures 3.1-3
and 3.1-4. The maximm sediment rise in the study area was less than 1 ft
in depth in all areas. From the results of the predisposal and 2-week post-
disposal bathymetric surveys an estimated volume of 80,900 cubic yards (yd3)
of sediment was deposited in the study area at a depth of 0.5 ft or greater.
The volume of material removed from the dredged site was estimated at 61,385
yards which would give a bulking factor of 1.3. A total of 69,800 yd3

(86 percent of total) of the sediment deposited was located within the
disposal area, with an additional 11,100 yd3 (14 percent of total) located
within the fringe area. The total areal extent of the 0.5-ft contour line
within the overall study area was 514,000 square yards (yd?), with

436,000 yd? (85 percent) within the disposal area and 78,000 yd?

(15 percent) within the fringe area.

A third bathymetric survey was conducted 6 weeks after dredged material
disposal operations had been campleted, to evaluate the effects of
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dispersion, compaction and sediment drift. A bathymetric chart showing the
topographic contours present during the 6-week post-disposal survey is
presented in Figure 3.1-5. Variability in water depth measurements was
noted to have increased during the 6-~week post-disposal survey due to high
winds and rough seas. This occurred in spite of the use of a larger vessel
(47 ft versus the usual 24 foot vessel) and resulted in an increased
variability between adjacent data points that was as high as 1 ft. during
this period. This increased variability was due to vessel movement from
wave action and increased the sampling error for data collected during that

pericd.

Even though variability in depth measurements was elevated during the third
survey, evidence of a sediment mound within the disposal area can be seen in
Figure 3.1-5. The difference between the 6-week post-disposal and the
predisposal bathymetric surveys is shown in Figure 3.1-6. An enhanced
bathymetric chart showing changes in sediment depth of 0.5 ft or greater is
presented in Figure 3.1-7. Results of the 6-week post—Cisposal survey show
the remaining sediment mound within the study area (0.5 ft or greater) to
have a total volume of 38,100 yd3. A total of 30,400 yd3 were located
within the disposal area, along with 7,700 yd3 within the fringe areas. The
sediment mound identified during the 6-week post-disposal survey covered a
total area of 229,000 yd?, of which 183,000 yd? were located with the
disposal area and 46,000 yd? were located within the fringe areas. The area
and volume of the sediment mound (0.5 ft or greater) identified during the
6~week post-disposal survey showed a net decrease of 285,000 yd? (55 percent
of total) and 50,500 yd3 (62 percent of total) dquring the first 6 weeks
following the campletion of dredge disposal operations. This decrease was
presumably due to sediment migration and dispersion caused by turbulence and
wave action.

A bathymetric chart showing the change in topography in the study area
between the 6-week and 2-week post-disposal surveys is presented in
Figure 3.1-8. This comparison was made as to cbserve movement of materials
subsequent to the disposal operation. Since most of the contour lines in

Figure 3.1-8 represent a change in topography of less than 0.5 ft, a second
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SOURCE: ESE, 1987.
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chart showing only the contour lines of 0.5 ft or greater is presented in
Figure 3.1-9. While the majority of contour lines in Figure 3.1-8 represent
a change in depth of less than 0.5 ft, a decrease in sediment depth between
the 6-week and 2-week post-disposal surveys did occur over a small area, as
shown in Figure 3.1-9. This decrease in sediment depth, due to dispersion
of dredged material, covered an area of 74,000 yd? with an overall volume of
11,000 yd3.

A final bathymetric survey (Figure 3.1-10) was conducted 20 weeks after the
campletion of all dredged material disposal operations. The distinct area
of sediment deposition evident in the disposal area during the 2-week and
6-week post-disposal surveys was not found during the 20-week post-disposal
survey indicating movement or compaction of the disposed materials.

The difference between the predisposal and the 20-week post-disposal surveys
is presented in Figures 3.1-11 and 3.1-12.

The total area having a rise in sediment depth of 0.5 ft or greater

(26,000 yd?) was found to be greatly reduced during the 20-week post-
disposal survey. This area represented a total volume of 4,000 yd3. As can
be seen from Figure 3.1-12, the difference in the topography of the majority
of the study area between the predisposal and 20-week post-disposal surveys
was less than 0.5 ft.

The difference between the 20~week and 6~week post-disposal bathymetric
surveys is presented in Figures 3.1-13 and 3.1-14. Very little difference
in topography was evident between the two surveys, with most changes in
depth less than 0.5 ft. This indicates that most movement of sediment,
subsequent to the disposal operation, occurred within six weeks following
the original deposition.

3.1.3 Water ouality
Water-quality studies were carried out concurrently with the predisposal

bathymetric survey. The predisposal water-quality survey was conducted in
December 1986. Air temperatures ranged from 45 to 50 degrees Fahrenheit
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(°F). Wind direction was primarily from the south at about 4 to 8 knots
(Kn), and seas ranged from 2 to 4 ft. Complete analytical results for DO,
salinity, temperature, and TSS are presented in Appendix A.

Dissolved Oxygen—DO values measured during the predisposal water-quality
study ranged from 7.8 to 10.4 ppm, with a mean of 8.8 ppm. Mean DO
concentrations at all 10 sampling sites were highly similar, with mean
values at the various stations ranging from 8.7 to 8.9 ppm (see Table 3.1-
1). Vertical distrilation of DO concentrations at the 10 stations was
highly uniform, with a range of less than 0.4 milligrams per liter (mg/L)
between the surface and bottom of the water column.

Temperature—Mean water temperature during the predisposal water-quality
survey was 12.6°C, with a range in individual values of 12.0 to 13.0°C.
Mean water temperatures at the individual stations were all 12.6°C (see
Table 3.1-1). No consistent vertical gradient in water temperature was

observed during the predisposal survey.

Salinity-—Mean salinity in the study area during the predisposal water-
quality survey was 21.9 ppt, with a range in individual values of 21.4 to
22.5 ppt. Mean salinity values for the individual stations during the
predisposal survey were highly similar, ranging from 21.7 to 22.0 ppt (see
Table 3.1-1).

Current Speed and Direction—Current measurements taken during the
predisposal water-quality survey were uniformly low, with a mean current
speed of 0.1 Kn and a range of <0.1 to 0.3 Kn. Current direction during
flood tide was predominately toward the west, whereas current direction
during ekb tide was primarily toward the south.

Total Suspended Solids—The mean TSS concentration in the study area during
the predisposal water-quality survey was 14 mg/L with a range in individual
values of <5.0 to 74 mg/L. Mean TSS values at the individual stations
ranged from 13 to 15 mg/L.
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Table 3.1-1. Mean DO, Temperature, Salinity, and TSS Values from the
Predisposal Water Quality Survey.
Station DO Temperature Salinity TSS
Number (mg/L) (S (Ppt) (mg/L)
1 8.9 12.6 22.0 15
(8.0 - 10.4) (12.3 - 12.9) (21.6 - 22.4) (<5.0 - 35)

2 8.8 12.6 22.0 15
(8.0 - 9.6) (12.1 - 12.9) (21.6 - 22.5) (<5.0 - 34)

3 8.8 12.6 22.0 15
(8.0 - 9.5) (12.3 - 13.0) (21.6 - 22.4) (6.0 - 34)

4 8.8 12.6 22.0 14
(7.8 - 9.6) (12.2 - 13.0) (21.6 - 22.4) (<5.0 - 43)

5 8.9 12.6 21.9 14
(8.2 - 10.0) (12.0 ~ 13.0) (21.5 - 22.3) (<5.0 - 74)

6 8.8 12.6 21.9 14
(8.0 - 9.5) (12.3 - 13.0) (21.6 - 22.3) (<5.0 - 60)

7 8.7 12.6 21.9 14
(8.1 - 9.4) (12.2 - 13.0) (21.6 - 22.3) (<5.0 - 28)

8 8.8 12.6 21.9 14
(8.0 - 9.7) (12.3 - 13.0) (21.6 - 22.4) (<5.0 - 31)

9 8.7 12.6 21.9 14
(7.9 - 9.5) (12.3 - 12.9) (21.6 - 22.3) (<5.0 - 47)

10 8.7 12.6 21.7 13
(7.9 - 9.7) (12.4 ~ 12.9) (21.4 - 22.3) (<5.0 - 28)

Note: Values in parentheses are minimum and maximun.
E-47
' p— o A




———

3.1.4. Sediment Analysis Analysis of the sediment samples collected during
the 2-week predisposal benthic sampling program showed a relatively
homogeneous sediment within the study area (Figure 3.1-15). The
classification (Folk’s) was a silty mud to clayey mud texture. By the 2-
week post-disposal survey, a peak of smaller diameter (finer) material was
deposited in the western part of the disposal area. By the 6-week post-
disposal period the peak was essentially cbliterated, presumably by physicel
and biological reworking of the sediment. The 20-week post disposal survey
had a slightly lower average phi value than the other periods perhape in
part due to a seasonal change in wind and current patterns.

3.1.5 Vertical Sediment Profile Imagery

Results from the analysis of images obtained by vertical sediment profile
imagery system are presented in Appendix D and are summarized below.

In general, sediment profile photographs for the Gulfport Harbor study were
of low contrast which necessitated the utilization of color slides at the
stations to improve contrast. These images had the broadest range in the
red plane which were associated with the brown tones of oxidized superficial
sediments and facilitated the identification of the reduced potential
discontinuity (RPD) layer. Overall, the entire surface area was relatively
hamogeneous in appearance which is illustrated in representative photographs
of the area (Plates 3.1-1 and 3.1-2). Subsurface sediments were light grey
in tone. Dredged material was slightly lighter in grey tone and had a very
hamogeneous textural appearance making identification of the dredged
materials relatively easy.

Prism penetration of the camera ranged from 5-10 cm throughout the entire
study area. The variation in penetration seemed to be of a random nature
indicating a relative homogeneity in terms of compaction. Based on the
photography, the sediments were classified as a silty-clayey mud and were
very uniform over the entire study area. The grain size of the dredged
material was the same as the background material and did not add any

heterogeneity to the area.
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very uniform over the entire study area. The grain size of the dredged
material was the same as the background material and did not add any
heterogeneity to the area.

Surface relief from all sampling periods was generally less than 1 am. When
relief was present it was usually due to a disturbed sediment, hummocks or
bedform-like features. Overall sediment surface relief increased from 2
week post-disposal monitoring period to the 20 week post-disposal monitoring
period at both dredged material stations and the surrounding area indicating
the area was physically disturbed throughout the post-disposal period. This
disturbance was attributed to wind and current induced sediment disturbance
but biologically induced disturbances cannot be ruled out. Physically
induced surface features were mud lumps or clay casts ranging from 0.5 cm in
diameter to over 3.0 cm. Most were aerobic but a few had anaerobic surfaces
suggesting a recent physical disturbance. In any case, due to the wide-
spread nature of the mud lumps and their continued occurrence through the
52-week sampling, they were clearly not associated with the disposal event.

The depth of the RPD layer varied over the study area (Figure 3.1-16).
Shallowest RPD values ocowrred at stations with disturbed surfaces and
stations with little evidence of biogenic features. The deepest values were
associated with burrows or other subsurface biogenic features. These
differences were noted throughout the study area during the entire study.
The shallowest RPD values noted were associated with the dredge materials,
especially noticeable on West-East line 5.

Dredge material signatures were easily detectable in the sediment profile
photographs (Plate 3.1-3). The most stations where dredge material was
detected was during the 2-week post-disposal survey. Fifteen grid stations
showed evidence of dredge material. Based on the photographs, the majority
of the material was placed in a rectangular area bounded by stations 4-3, S-
3, 5-6 and 4-3 which corresponds well with the same detection of the
materials by bathymetry (see Figure 3.1-7).
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The signature of deposited materials as detected by analysis of the vertical
sediment profile images slowly disappeared with time, presumably due to
physical and biological reworking of the sediments (Plate 3.1-3). The
material was only detectable at two stations (4~5 and 4-6) during the 20 and
52-week post disposal surveys. It should be noted that the dredged
materials detected during the 52 week post-disposal survey had been
extensively "weathered" and modified by biological activity. A vertically
exaggerated depiction of the dredged material overburden is presented in
Figure 3.1-17 for illustration.

3.2 BIOLOGICAL RESOURCES - MACROINFAUNA.

3.2.1. Macroinfauna

The results of the macroinfauna presented below represent the monthly
sampling at each of sixty fixed grid stations ("“fixed") and 6 stations
randomly selected ("random") within each of the three design strata
(Reference, fringe and disposal areas). The fixed station results represent
samples consisting of a single core whereas the results of the random
stat.ons represent 8 replicate core samples. For that reason, comparisons
should be made on samples that were sampled in the same manner.

Results of the macroinvertebrate collections are presented in Appendices B
and C (Part I) for the random and the fixed station collections
respectively. Summary statistics, including total number of organisms -m~ 2,
total number of taxa per sample and Shannon/Wiener diversity index are
included following each station table.

A total of 195 taxa representing 92 families of macroinvertebrates have been
identified from the samples. (Table 3.2-1). Polychaetes, molluscs and
crustaceans dominate the commmnity both numerically and in terms of the
number of taxa. Echinoderms and Hemichordates were occasionally dominant at

some stations.
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Table 3.2-1. Phylogenetic listing of macroinfauna collected during
Gulfport Harbor study.

Phylum
Class
Order
Family
Genus species

Vitrinellidae )
Cyclostremicus pentagonus
Nassariidae
Nassarius acutis
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Table 3.2-1. (Continued).

Phylum
Class
Ordexr
Family
Genus species
Nassarius albus
Nassarius sp
Nassarius vibex
Cephalaspidea
Acteonidae
Acteon punctostriatus
Atyidae
Haminocea succinea
Opisthohranchia
Nudibranchia
Corambidae
Docidella obscura
Pelecypoda
Arcoida
Aricidae
Anadara ovalis
Noetia pondercsa
Mytilidae
Amygdalum papyria
Mcdiolus sp. A
Nuculoida
Nuculinidae
Nuculana acuta
Nucylana c.f. acuta
Nuculana planulata
Nucylana sp.
Nuculana sp. A
Nuculana sp. B
Opalidae
Opalia c.f. pmilie
Veneroida
Astartidae
Astarte pana
Crassatelidae
Crassinella lunulata
Montacutidae
Mysella c.f. plamulata
Mysella planulata
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Table 3.2-1.

(Continued).

Phylum

Class
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Table 3.2-1. (Continued).

Phylum
Class
Order
Family
Genus species

Dorvilleidae
ni . tinat
Schistomeringos c.f. rudolphi
Schistomeringos sp.
Flabelligeridae
A pert |
Glyceridae
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Table 3.2-1. (Continued).

Phylum
Class
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Table 3.2-1. (Continued).

Phylum

Class
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Table 3.2-1. (Continued).

Phylum
Class

Golfingiidae
Phascolion sp.
Phascolion strombi
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F Table 3.2-1. (Continued).

[ 4 Phylum
Class
! Order
‘ Family
d Genus species

| Lilljeborgiidae .
| Listriella barpardi
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Table 3.2-1. (Continued).

Phylum
Class
Order

Family

Genus species

Synaptidae

Stelleroidea

Leptosynapta crassipatina

Ophiuroidea
q:hil.lridz_le

Hemichordata

Hemipholis elongata

Ptychoderidae

Cephalochordata

Chordata
Vertebrata
Osteichthyes

Balanoglossus c.f. auwrantiacus
Branchiostoma sp.

Anguilliformes
Oghichthidae_a

Myrophis punctatus

Perciformes
Gobiidae

Pleuronectiformes
Cynoglossidae

Symphurus plagiusa
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Fixed Stati
Benthic macroinvertebrate density varied widely in the fixed stations both
spatially and temporally (Figure 3.2-1). The range of total macroinfauna
abundance went from a high of 9,205 individuals -m~2 in December 1986 (pre-
disposal, reference station 5-1) to a low of 396 individuals -m 2 at
stations 4-4 (2-week post-disposal, disposal area) in January 1987. The
lowest abundances were generally found in the disposal area, two weeks after
the disposal event. Abundances generally ranged in the 2,000 - 3,000
organisms -m™2 for all five sampling events (Figure 3.2-2). During the five
surveys, there was generally a decreasing trend in total average
macroinfauna abundances. With the exception of the May sampling period (20-
week post—disposal) the disposal area stations showed lowest average
abundances when campared to the other strata. The number of species (per
sample) showed marked variations across both stations and times (Figure 3.2-
3). The number of species ranged from a low of 6 taxa at fixed station 4-1
(reference area) during the 20-week post~disposal sampling event to a high
during the predisposal (December 1986) sampling trip of 35 taxa at station
3-5. Generally, the numbers of taxa were highest during the predisposal
period and decreased slightly with each sampling event through May 1987 (20~
week post-disposal). The number of tara (per sample) remained, for the most
part, between 20 and 26 taxa per core (Figure 3.2-4). The number of species
at several stations (4-3, 4-4, 4-5 and 5-3) in the disposal and adjacent
fringe areas dropped to 10-11 species during the two—week post-disposal
sampling. These same stations were the same ones that had correspondingly
low numbers of individuals.

Shannon-Weiner diversity ranged from a low of 1.18 at station 4-1 in May
1987 (20-week post-disposal) to a high of 4.27 at station 3-5 during the
predisposal sampling (December 1986) as shown in Figure 3.2-5. This
parameter showed less variability than either the total abundance or number
of species.

A total of 113 taxa were identified from the 2-week predisposal survey
(December 1986). The polychaetes Armandia maculata, Podarkeopsis
levifuscina, Sigambra tentaculata, and Paramphinome pulchella, the brittle
star (Ophiuridae) Microphiopholis atra and the acorn worm (Hemichordata)
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Balanoglossus ¢.f. aurantiacus were the dominant taxa. Overall, Armandia
maculata was the dominant species nmumbering from about 500 to over 4,000
individuals -m™2 on a station basis. A large amount of species variability
existed throughout the study area.

One hundred four (104) taxa were from the 2-week post-disposal sampling
effort (January 1987). Armandia maculata was again the dominant organism
although numbering scmewhat lower (500 to 2,000 organisms -m~2) than during
the 2-week predisposal sampling. Generally, the most common taxa were the
same as during predisposal with the addition of the Rhynchoccela (LPIL) as a
dominant after Armandia maculata.

Sampling during the 6-week post-disposal period (February 1987) yielded 100
taxa from the fixed station grid. Armandia maculata and Paramphinome
pulchella were still dominant with Sigambra tentaculata, Microphiopholis
atra and Balanoglossus c.f. aurentiacus.

Twenty-week post—disposal sampling (May 1987) resulted in the collection of
83 macroinfauna taxa with Rhynchocoela and Sigambra tentaculata becoming the
most numerous forms. The Cnidarian Actinaria was found in large numbers at
most stations along with the usual Podarkeopsis levifuscinag, Microphiopholis
atra and Paramphinome pulchella. Armandia maculata was found to occur at
only four stations in very low abundance during this sampling trip.

The 52-week post-disposal sampling produced 113 taxa with Rhynchocoela and
Mediomast.is ambiseta at the dominant organisms. Armandia maculata was
present in low numbers but was not a dominant during this sampling period.
This change in dominance possibly represents an annual shift due to changes
in hydrographic regimes from the previous year.

Spatial lysi
The fixed station data lends itself to display of two and three-dimensicnal
surface trend plots providing there are enough stations to provide a
meaningful display. For the Gulfport Harbor Thin-layer study, abundances of
five taxa were sufficient to prepare plots. These taxa were Armandia
maculata, Sigambxa tentaculata, Podarkeopsis levifuscina, Balanoglossus c.f.
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aurentiacus and Migrophiopholis atra and are presented respectively in
Figures 3.2-6 through 3.2-10.

Armandia mpaculata (Figure 3.2-6) displayed large spatial variability with
the highest densities generally ooccurring in the central portion of the
study area, especially during the 2-week predisposal period. A notable
decline in Armandia abundance is noted during the two-week post-disposal
survey in the disposal area. A slight recovery is noted during the 6-week
post—disposal survey during a period of general decline of the organism
throughout the study area. By the 20-week and 52-week post-disposal
samplings, Armandia is absent from most of the study area. There were
significant spatial (station) and temporal (sampling period) differences in
this species as determined by ANOVA (Table 3.2-2). Spatially, significantly
fewer Armandia were found in the disposal area during the 2-week post-
disposal sampling.

The abundance of Sigambra tentaculata was highest during the 2-week post-
disposal period with abundances >1,800 organisms -m~¢ occurring in the un-
impacted south eastern quadrant of the study area (Figure 3.2-7). By ANOVA,
this species showed only a significant temporal (seasonal) variation with
highest mmbers found during the 52-week (January 1988) post-disposal
survey. Overali, ifowest abundance of this species was auring the 6-week
post—disposal period (February 1987).

podaukeopsis levifuscing displayed its highest abundance in the central
portion of the study area for all the periods sampled (Figute l.c-6). A
general decline in numbers paralleling the decline seen in total
macroinfauna abundance was the most notable feature in these displays. By
ANOVA, this species showed significant spatial and temporal variation with
the lowest numbers found in the southwestern reference area and in the
disposal area. All areas had significantly lower numbers of Podarkeopsis
during the 52-week post-disposal sampling.

The Hemichordate Balanoglossus c.f. aurantiacus showed a highly variable

pattern for the first three surveys (Figure 3.2-9). Sharp peaks were noted
slightly north east of the central portion of the study area. A general |
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Table 3.2-2. ANOVA tables for the major taxa, Gulfport Harbor Study

SOURCE F TAIL SIGNIFICANCE
PROB.
Armandia MEAN 180.72 0.0000 *kk
maculata PERIOD 32.98 0.0000 dede
STATION 3.97 0.0037 *k
PS 1.29 0.2000
Sigambra MEAN 125.53 0.0000 ki
tentaculata PERIOD 5.84 0.0002 hkk
STATION 0.27 0.8961
PS 0.57 0.9060
Podarkeopsis MEAN 342.26 0.0000 *iek
levifuscina PERIOD 23.14 0.0000 *kk
STATION 10.71  0.0000 ke
PS 1.3¢ 0.1748
Balanoglossus MEAN 129.73  0.0000 kkk
c.f. aurantiacus PERIOD 12.53  0.0000 ek
STATION 7.64 0.0000 hdesk
PS 1.87 0.0234
Microphiopholis MEAN 387.01 0.0000 *hk
atra PERIOD 3.74 0.0121
STATION 3.31 0.0119
PS 0.74 0.7073
Rhynchocoela MEAN 925.17 0.0000 ki
PERIOD 77.51  0.0000 dekk
STATION 1.88 0.1137
PS 2.21 0.0054 "k

Error Degrees of Freedam = 275 for all species (n=300).

*+* = very highly significant difference

#* = highly significant difference
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decreasing trend over time is also noted for this species which was not
present during the 52-week post-disposal survey, another indication of an
annual hydrographic induced community change. ANOVA showed significant
spatial and temporal differences for this species as well. Significantly
reduced numbers were noted during pre~disposal and 2-week post-disposal
periods at the disposal stations and at the disposal, fringe and
northeastern reference areas 6-weeks post—disposal. Based on the ANOVA
observations above and the spatial variability noted with this species, tre
reduction noted during the 6-weeks post-disposal is most probably due to a a
seasonal event rather than an operational one.

The brittle star, Microphiopholis atra was also quite variable but showed a
definite increase moving east in the study area (Figure 3.2-10). Lowered
alundance (significant by ANOVA) during the 2-week post-disposal survey was
noted in the vicinity of the disposal area and the southwestern reference
area but was not evident in the 6-week and 20-week displays when numbers had
increased again. The noticeable decline in abundance of the other major
taxa was not evident for this species until the 52-week post-disposal survey
when its numbers decreased.

Rhynchocoela were another dominant taxa (with an overall mean of 382
individuals -m~2) during the study which showed significant annual changes.
Significantly higher abundances for these organisms were found during the
52-week post-disposal survey. No significant spatial trends were detectable
by ANOVA indicating no impact due to dredged material disposal.

Results of the analyses on total macroinfauna abundance showed (fixed
stations) highly significant differences both temporally and spatially with
the lowest mean abundances from the disposal stations on the 2-week post-
disposal and 6~week post-~disposal sampling periods with values of 1793
organisms -m™2 and 1884 organisms -m~2 respectively. The. other areas showed
no statistically significant differences.
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Numbers of species for the fixed stations also exhibited significant spatial
and temporal differences. The lowest values were from the West reference
area during the 20~week post-disposal (14.1 taxa) and from the 2-week post-
disposal area (17.0 taxa). As noted earlier, the major trend in mumber of
species was a decrease in number with time over the entire study area.

Cluster apalysis

The Q-mode (station) analysis for the 2-week predisposal survey generally
showed an east-west division in terms of inter-station similarities (Figure
3.2-11) for instance, a cluster was formed between fixed stations 6-6
through 6-10 and stations 4-10 and 5~10 (OTUS 60,55,59,56,57). This is not
surprising since the east-west axis was the greatest distance separating the
stations.,

Species (r-mode) analysis for the predisposal sampling (Figure 3.2-12)
showed clusters between Microphiopholis atra and Balanoglossus c.f.
aurantiacus (OTUS 39 and 8), Amandia maculata, Podarkeopeis levifuscina,
and Rhynchocoela (QTUS 6, 59 and 65) and between Sigambra tentaculata,

p . .. , . i forniensis, and Ogyrid
alphaerostris (OTUS 68,56,38 and 49). Generally these were the most
abundant species collected during this sampling period.

The Q-mode cluster analysis for the 2-week post-disposal sampling pericd is
Fresented in Figure 3.2-13. The same East-West polarization was noted in
terms of most of the clusters. Of particular note was the clustering of
stations 4-3, 4-4, and 5-3 (OTUS 34,35 arnd 43) all of which are in the
impacted portion of the disposal area. This clustering indicates that a
commmity shift occurred in addition to the lowered organisms abundance
noted previously.

The same species associations found during the predisposal survey were noted
during the 2-week post-disposal sampling period (Figure 3.2-14). No other
particular associations of note were found.

The 6-—week post-disposal Q-mode analysis had a more randomized nature to the
station associations (Figure 3.2-15). Some of the East-West trends remained
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but were less distinct. The stations noted in the 2-week post disposal
survey as being closely associated in a single cluster, stations 4-3, 4-4
and 5-3 (OIUS 34,35 and 43) were found in entirely separate clusters during
this sampling. Generally the species (r-mode) associations during this
survey remained the same (Figure 3.2-16).

The 20-week post-disposal survey Q-mode analysis was similar to the 6-week
analysis in that no clear pattern across stations were noted (Figure 3.2-
17). The same species clusters (Figure 3.2-18) were also noted except that
Armandia, which was a dominant in the previous samplings, was no longer
associated with its former species group. It is assumed that low abundance
during the month of May contributed to its movement to another group.

The 52-week Q mode analysis resulted in two major groupings that spanned the
entire study, testifying to the homogeneity of the envirorment (Figure 3.2-
19). For example, station 6-10 (extreme southeast corner) and stations 2-2
and 1-3 (northwest corner) are clustered together. A similar situation was
noted for the southwest and northeastern corners. The disposal stations
were also distributed among several groups and did not show an consistent
pattern. The closest association in the r-mode analysis (Figure 3.2-20) was
ambiseta, rhynchocoela and Cyclaspis c.f. varians which consisted of the
most common species during this sampling period.

Random Statjons

Data on the macroinfauna collected from the random stations are presented in
Appendix C (Part I). They provide information relative to the adequacy of
sampling for the fixed stations and represent a pool of data that is
generally more usable from a statistical viewpoint, primarily because of the
amount of replication. In other words, the data from this aspect of the
sampling are designed to provide a body of information that can withstand
the rigors of analytical statistical scrutiny. On the other hand they
represent information on a more limited area spatially, and for that reason
may have another bias. In any case, inclusion of both fixed and random
stations provides the opportunity to see the weakness and strength of both
sampling methods in detecting biological changes.
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FOR THE 20—-WEEK POST—DISPOSAL SURVEY.
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The random station results show much less variability in terms of overall
mmbers since the data from multiple replicates are pooled (Table 3.2~3),
Average abundances ranged from 3,713 organisms -m™2 (Disposal area, 2-week
post-disposal) to a low of 1,710 organisms -m™2 (Disposal, 20-week post-
disposal). No obvious spatial or temporal trend was notable in the average
abundance data from the random station collections probably because any
differences were averaged out in the "random" sampling technique.

Number of species ranged from a low of 38 taxa at station C-3-2, 2-week
post-disposal sampling to a high of 78 taxa at station C-2-9, 2-week
predisposal sampling. A trend of decreasing numbers of species with time
was noted at the random sites, paralleling the same trend that was noted at
the fixed stations.

The species which dominated the fixed station community, Armandis maculata,
Sigambra tentaculata, Podarkeopeis levifuscina, Microphiopholis atra and
Balanoglossus c.f. aurantiacus were also the dominants in the random station

samples.

Biomass

Total macroinfauna biomass (wet weight) for the major groups and for the
dominant taxa are presented in Table 3.2-4 and Figure 3.2-21. Total biomass
ranged from 12.4 grams-m—2 to 44.74 grams -m~2 with the lowest value
occurring at the disposal stations, 2 and 6 weeks post-disposal.
Bchinoderms made up the bulk of the cammunity in terms of biomass. A noted
decline in total biomass was observed in the disposal area during the 2 week
post-disposal survey concomitant with an increase in biomass in the fringe
and reference areas. By the 6-week sampling however, the total biomass at
the disposal site was approaching levels similar to the other areas.
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Table 3.2-3. Average macroinfauna abundance and number of species from
the random station sampling.

Total
MONTH STATION AVER! GE+STD # Spec

DEC C-2-9 27744523 78

C-4-1 3596+2207 €6

2-Week D~4-6 27461492 76
Predisposal D-5-5 2434+.313 61
F-3-5 4318+1565 63

F-5-8 23174667 59

JAN C-2-2 24774376 55

C-3-2 25374901 38

2—Week. D-5-6 2168+652 58
Post—disposal D-5-7 37124916 6l
F~3-7 2320+682 52

F-3-8 2904+1077 62

FEB C-1-4 25344765 57

C-4-10 2735+652 58

6-Week ) D-4-4 1766+714 42
Post-disposal D~5-5 21644571 51
F-3-5 22374897 43

F-6-4 2573+1041 52

MAY C-1-8 1923+480 48

C-3-4 20724944 45

20-Week D-4-7 17081639 51
Post-disposal D-5-6 2255+877 50
F-4-2 3831+1166 49

F-5-8 2124+701 43

JAN C-1-2 2509+739 59

Cc-3-9 20694928 51

52 Week D-4-7 2788+1136 53
Post-disposal D-5-5 3680+1146 69
F-4-3 3643+1360 56

F-6-6 49854919 63

Station prefix: C = Reference Stations, D = Disposal Stations,
F = Fringe Stations.
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Since the organisms dominating the total biomass were the larger taxa
(echinoderms) it is conceivable that the majority of the individuals could
have migrated out of the disposal area following disposal. However it is
likely many were simply buried. Since a significant biomass of these
organisms were fourd 2-weeks post-disposal there is some evidence that at
least same individuals may have burrowed up through the thin layer.

Biomass of the other individual taxa showed variable trends. Ammandia and
other polychaete biamass showed slightly higher levels at the 2-week post-
disposal period indicating this group rebounded rapidly following the
disposal event. Since lower mumbers of individuals of these organisms were
found 2 and 6-weeks post-disposal, we conclude that the organisms must have
been larger individuals than those collected predisposal. Lowered bicmass
in the disposal area was noted for the crustacea and hemicordates following

the disposal event.
Recruitment

The analysis of the additional samples for recruitment are presented in
Table 3.2-5 and Figure 3.2-22., Based on the observed information, there
were no major recruitment events during the winter months of December,
January and February. A decline can be seen in the mmber of organisms in
the recruitment samples collected in January when compared to the December
samples. In part this lack of recruitment is probably due to the sparse
amount of reproduction usually found during the colder months. In any case
the decline was noted throughout the study area including the fringe and
reference areas. It should be noted that meiofauna taxa, nematodes and
copepods, dominated all the recruitment samples indicating a low amount of
macroinfauna recruitment. Of the truly macroinfauna taxa, polychaetes were
the most dominant taxa in the recruitment samples.
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Total Macroinfauna Biomass

Gulfport Study
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Table 3.2-5. Results of analysis on Recruitment Samples. Numbers
Reported in Organisms/cm?.
Nematodes Polychaeta Crustacea Mollusca
Pre
Reference 1.70 1.53 1.26 0.24
Fringe 2.28 1.41 1.96 n.39
Disposal 1.82 0.44 0.85 0.22
Post 2
Reference 0.81 0.48 0.45 0.17
Fringe 0.98 0.57 0.39 0.12
Disposal 0.62 0.43 0.07 0.04
Post 6
Reference 0.69 0.52 0.23 0.1¢
Fringe 0.63 0.45 0.22 0.18
Disposal 0.70 0.46 0.19 0.12
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The successional stage of the benthcs can range from azoic commmities (0),
pioneering (I), intermediate (II) to climax (III) cammmnities as described
by Germano and Rhoads (1986). Pioneering commmities are dominated by
smaller organisms with little ability to bwrrow more than a few millimeters
into the substrate. The taxa are dominated by deposit feeding organisms
with sucking type of feeding apparatus. Climax commmnities are dominated by
larger invertebrates that are adapted to deep burrowing activity. The taxa
contain many larger "top-down feeders" and a large variety of predatory type
organisms.

Disregarding the stations with obvious physical disturbances (mud lumps,
clasts etc.), no azoic areas were found during any of the monitoring
periods. Most of the areas were classified as late Stage II or Stage III in
the sediment profile images. Typical larger type organisms were found such
as the acorn worm Balanoglossus, the brittlestar Microphiopholis and
especially the large holothurian Leptosynapta which are indicative of the
advenced stage III camamity. The presence of dense tube mats, primarily on
the dredged materials following the disposal event (2 and 6-weeks post-
disposal) indicated enhanced survival or enhanced settlement relative to
background conditions or both. These images were classified as Stage I over
a Stage II or III commmnity, and represent a decline in the overall benthic
camemnity because of the dredged material disposal. The commmity returned
to a class III commmity by the 20-week disposal period indicating a
recovery of the commmity had ocurred. The commnity during the 52-week
period was also a class III type as noted during the predisposal and 20-week
post-disposal periods.

3.2.3 Demersal Organisms

Unlike the more sessile macroinfauna commnity described above, the
fisheries commmnity represents a highly dynamic group of populations with

the ability to avoid mmerous envirormental perturbations, both natural and
marmade. Also, since demersal organisms usually represent the next trophic
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level, ie. they feed upon the macroinfauna commnity, their response can be
another indication of envirommental changes.

During all fisheries collections a total of 11,768 fishes were collected,
representing 38 species within 23 families (Table 3.2-6), during a series of
five field efforts in December 1986, January, February and May 1987, and
January 1988. The most abundant vertebrate species collected was Anchoa
mitchilli, bay anchovy, with 4,507 individuals representing 38.30 percent of
the overall total. Arius felig, hardhead catfish, was the next most abundant
species with 3,779 specimens representing 32.11 percent of the overall
total. The third most abundant taxon was Micropogonias undulatus, Atlantic
croaker, with 1,320 individuals representing 11.22 percent of the overall
total. These and other overall vertelrate species totals and percent
composition data are presented in Table 3.2-7. Of the 38 species collected,
the ten most abundant represent over 95 percent of the overall total.

The invertebrate taxa represented a smaller but nonetheless important
portion of the fisheries collections with white shrimp, Penaeus setiferus,
and blue crab, Callinectes sapidus, representing over 50 percent of the
total invertebrates collected (Table 3.2-8).

Over the course of the monitoring period, distinct variations in the major
vertebrate species abundance and composition were present (Table 3.2-9).
During December 1986 (2-week predisposal), 901 fishes, representing 17
species, were collected with Anchoa mitchilli being the most abundant.

Samples fram January (2-week post-disposal) collections showed a distinct
drop in both number of species and species abundance. A total of 483
individuals, representing 14 species, were collected with Anchoa mitchilli
again being the most abundant. February (6-week post—disposal) field
collections totalled 1,814 individuals, though over 58 percent were
represented by one species of the 23 collected, Anchoa mitchilli. May (20-
week post-disposal) collections were represented by 29 species arnd 7,678
total individuals of which the Arius felis was the most abundant. June (52-
week post—disposal) collections were again dominated by Anchoa mitchilli
with only ten vertebrate taxa collected.
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Table 3.2-6. Phylogenetic listing of all organisms collected
in Gulfport Harbor trawl samples.

Phylum
Class
Order

Naticidae
Polinjces sp.
Cephalopoda
Teuthoidea
Loliginidae
Lolliguncula brevis
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Table 3.2-6. (Continued).

Phylum
Class
Order
Family
Genus species

Siluriformes
Ariidae
Arius felis
zatrachoidiformes
Batrachoididae
Porichthys plectrodon
Gadiformes
Gadidae
Urophycis floridana
Gasterosteiformes
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Table 3.2-6. (Continued).

Phylum
Class
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Table 3.2-7. Overall abundance and percent of the major vertebrate

taxa collected during the fisheries survey.

Taxa Total Percent
Composition
Anchoa mitchilli 4,507 38.30
Arius felis 3,779 32.11
Micropogonias undulatus 1,320 11.22
Prionotus tribulus 401 3.41
Peprilus triacanthus 301 2.57
Sphoeroides parvus 274 2.33
Dorosoma petenense 238 2.02
Brevoortia patromus 215 1.83
Etropus crossotus 110 .94
Trichiurus leptigus 103 .88
Qmescion arenarius 79 .67
Leiostomus xanthurus 78 .66
Sympharus plagiusa 74 .63
Trinectes maculatus 73 .62
Menticirrhus americanus 63 .54
Bairdiella chrysoura 43 .37
Urophycis floridana 33 .28
Dasvatis sabina 12 *
Citharichthys spilopterus 9 *
Larimus fasciatus 8 *
Peprilus alepidotus 7 *
Anchoa hepsetus 6 *
Hippocampus erectus 5 *
Gobionellus hastatus 4 *
Chloroscombrus chryswpus 3 *
ovnoscion nebulosus 3 *
Prionotus rubio 3 *
E-105




\ a g

Table 3.2-7. (Continued).

Taxa Total Percent
Composition
Prionotus scitulys 3 *
Ancylopsetta guadrocellata 2 *
Porichthys plectrodon 2 *
Syngnathus louisianae 2 *
Archosarqus probatocephalus 2 *
Chilomycterus schoepfi 1 *
Lagodon rhomboides 1 *
Monacanthus hispidus 1 *
Mugil cephalus 1 *
Pomatamus saltatrix 1 *
Scombermorus maculatus 1 *
Total 11,768
* Less than one~tenth percent.
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Table 3.2-8. Overall abundance and percent camposition of the major
invertebrate taxa collected dquring the fisheries survey.

Taxa Total Percent Composition
Penaeus setiferus 337 - 27.94
Callinectes sapidus 287 23.80
Squilla empusa 209 17.33
Iolliquncula brevis 135 11.19
Penaeus aztecus 114 9.45

Totals 998
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Table 3.2-9. Abundance by field effort, for the major vertebrate taxa
collected during the fisheries survey.

Taxa 2Week 2Week 6 Week 20 Week 52 Week
Prex Post* Post* Post* Post*
Arius felis 0 1 15 3,763 . 0
Anchoa mitchilli 614 32v 1,054 1,733 780
Micropogonias undulatus 21 1 42 1,251
Prionotus tribulus 68 63 151 116
Sphoeroides parvus 113 9 139 7 6
Dorosoma petenense 0 0 49 184 5
Peprilus triacanthus 28 22 15 153 83
Brevoortia patronus 7 0 199 3
Etropus grossotus 15 27 28 39 1
Trichiurus lepturus 1 0 ] 102 0

* Pre and post-dredged material disposal.
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In order to detect subtle shifts in the demersal organism commnity, we have
employed various descriptive statistics including the previous tabular
displays of summary data and normal (Q-mode) and inverse (r-mode) cluster
analyses. These techniques provide the most useful method of describing the
data and can then be related to similar techniques used for describing the
macroinfauna commnity. In this way, the relationships between the dredging
impacts seen in one commnity can be related to observed changes in another.

The Q-mode cluster analyses, Figures 3.2-23 through 3.2-30, were developed
using the Bray-Curtis resemblance measure. These figures present a series
of similarity groupings, by sampling period, for all diel collections within
the four sampling areas. This allows for spatial as well as diel
comparisons. Tables 3.2-10 through 3.2-17 are arranged respective to the
figures providing tabular data summaries and a reference for both sampling
area (Q-mode) and species (r-mode) designations. Sampling area designations
go from left to right aud species designations go from top to bottom. The
designations vary from table to table.

The Q-mode cluster analysis of all sampling periods, Figure 3.2-23, shows a
distinct pattern of temporal groupings, with the May sampling period
grouping separately fram the cold month monitoring periods. Within each of
the separate cold month monitoring periods, the disposal area collections
show at least one close linkage to a northern fringe area sampling period.
Only during May does the disposal area collection link with a southern

fringe area sampling period.

The O~-mode analysis of all sampling periods, Figure 3.2-24, which considers
only the vertehrates, displays a similar temporal grouping pattern for the
sampling periods. The sampling in the month of May 1987, again forms an
outlier grouping. This pattem almost disappears. however, when considering
only the invertebrates, Figure 3.2-25. The May sampling period also linked
with the cold month monitoring periods, with the 52-week post-disposal
period not forming a grouping at all.
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7able 3.3-10. bundance, by treatment area both day and night, of all fisheries organisas coliected
during the culfport study.
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Table 3.3-10. (continued)

Decesber Januarys? fepruary ]
bay Night bay Night bay Nignt Cay
{T-mode designations) 1 2 3§ 4 5 6 17 8 9 10 11 12 15 14 15 6 17 18 19 20 24 22 23 #% 5 26 O 2
Taa NNF N D 5 MF NF 0 S MF N D & NN N D SE NF N D ¥ NN N D & N N D §
31. Prionotus tribulus 710 6 4 11 M4 7 9 12107 9 & 6 & 4 15 2% W U B BS W O6 9 N L
32. Scomberomorus macu}atus
33. Sphoeroides parwus 15 12 0 12 9 4 B 15 3 2 1 1 2 0 3 0 a0 19 9 16 2 1
34. Sysphurus plagiusa 2 3 3 3y por 1 o208 42 b1 6 2o 2 1 4 3 21 2
335. Syngnathus louisianae 1 1
36. Irichjurus lepturus 1 3 12 n
37. Trinectes maculatus i 5 3
38. Urophycis floridanys 1 1 I 5 1 5 2 4 1 3
39. Callinectes sapidus 11 10 12 8 10 12 10 10 8 100 7 16 6 9 8 7 6 6 3 4 10 8 1 10 4 4 4
40. Libjnia gubia
41. Lolliguncula brevis 5 4 6 6 5 6 3 6 4 2 | 1 2 1 1 2 1 15 1 9
47, Paguridae 1 1 3 2 1 2 1 I 2 2 1 1 s 3 2
3. Panopeus herbstii
4, Penaeus artecus 1 2 IO 1 2 1 ¢ 3 2 10 1 1.
45, Penaeys setiferus 10 0 B R 1z 12 1210 1212 10 12 10 12 12 10 12 9 10 10 & 9 12 11 ¢ 4 |
46. Porcellanidae ) S S 301 @ | | 1 1 1 2 1 2 1 2
47. Squilla empusa I3 6 6 7 10 10 12 16 3 4 3 3 4« 5 5 4 6 5 §5 §5 5 ¢ 8 1 1 2 ¢
- o A



Januaryg? feoruary May Januarys8

Night bay Nignt bay Right bay Night

213 W 1516101 1819 20202 3 4025 622828 % 31 2 B W H % 3T B L
¥ W N D S N N 0D ¥ K N O F N N D SN N D SN N D SN N D W
§ 4 6 4 4 B BT BB W 6 9 N5 6 8 N B I 11
i 1 2 7 B 7 2 10 19 19 16 2 1 1 1 2 l 1 11 2
12 2 6 2 1 4 3 21 2 3 )
1
X 12 11 6 a 1 2

! P2 1 1 2 1 1 5 7 9 9 5 10 4 8 1 2 4

3 2 11 53 2 2 2 LI I I 1

1
1 l 2 1 1 3 Lz 9 12 1215 9 I 1 3
R’ 2 Wwwr 91010 8 912U 4 & 1 4 T 5 4 F 3 IS 4 6 6 6
1 1 112 12 2 2
$ 4 5 5 4 6 5 5 5 5 9 8l 1 2 4 1 9 4 1 8 13 1 2 1 3
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Table 3.3-11. Abundance, by treatment area both day and night, of fishes collected during the Gulfport study.

{G-node designations) 1
Taxa NNF

= o

< e
Q-

Ni6HT oY
4 13 16 11 819
¥ D 5 W K D

DAY
2

anchoa hepsetus

anchoa sitchiiii 32
ncylopsetta quadroceiiata
Archosaraus probatocephalus

ariys felis

gairdiella chrysoura

frevoortia patronus 5
Chijosvcierus schoepfj

. Chloroscosbrys chrysurus
10. Citharichthys spilopterus
11. Cynoscion srenarius

12. Cynoscion nebuiosus

13. Dasyatis sabina

14. Dorosoma petenense

15. Etropus crossotus

16. gobionelius nastatus

i7. Hippocaspus erectus

16. Lagodon rhosboldes

19, Larimus fasciatus

20. Leiostomus xanthurus

21. menticirrhus americanus
2Z. Micropogonias undulatys
23. honacanthus hispjous

Z4. fugii cephaius

5. Peprijus alepidotus

26. Peprjiys triacanthus ?
27. Posatosus sajtatrix

26. Porichthys plectrodon

25, Prionotus rubio

30. Prionotys scitulus

31. Prionotus tribulus 7
3Z. Scomberosorus sacuiatus

33. Sphoeroides parwys 15
4. Symphurys plagivsa 2
35. Synonathus Jouisianae

3. Irjchjurus jepturys

37. Irinectes maculatus

38. Urophycis floridanus
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nllected during the Gulfport study.

ANUKRTET FEBRUARY WAt Januaryes
DY KIGAT DAY NiGHT DAY NIGHT DAY NIGHT
S 0§ 10 1l 1z I3 M IS 16 1 B 190N A R B B BN BB NN RBHB KT BB
P N D S NF N D S RF N D ¥ MF K D S NF N D SN N D SN N DS MW W DS
3 11
31 15 41 60 55 1L 40 15l W Il 175 142 126 13 142 20 79 0 IR 17 26 M3 24 B N O 86 19 B &5 263
1 1
1
1 ) 4 1 6 3 606 523 303 183 668 o4 A4l 310
1 2 6 1 3 5 B 10 5
0 7 18 3 15 6 % 17 ] 2 13 2
i
2 1
1] 13 1
v 1ol 2 02 2 71 1 1 6 3 1 121 5 18 4
1 1 1
2 111 2 2 2
255 6 2 6 5 1 62 & % 11 2% 9 9 9 1 3 1
503 2 6 1 1 3 8 4 2 1 1 5 2 3 10 8 6 6 8 1 3 1
1111
1 1 1
1
1 11 io2
1 117 2 2 4 3 4 10 5 6 7T 10 5
1 ! 112 2 I o216 35 8 13 T2
1 6 4 3 B & 5 B 7 116 8 18 I3 156 157 28 M8 2 2 1
]
1 11 1 1 1
3001 ¢ 1 5 7 5 3 15 4 16 18 26 1 1z 7017 M 131l B8 3 2 lé
i
Lol
i i
U7 % 4 6 4 415 B 61T BB W 6 9 N IS 6 8 B | 1
1
I ] P20 B D u ol % 2 i P2 1 1 P12
501 2 1 2 1 6 12 I 4 3 1 2 3
1
B 117 6 1A 12
W os 3 23 13 5 3
| i 305 1 5 2 4 71 3 1
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7able 3.3-12. Abundance, by treateent area both day and night, of invertebrates collected during the Gulfport fisheries study.

lecesber Januaryds tepruary ray
bay Night Day Night Day Night bay
{@-mode designations) 1 72 3 4 5 6 1T 8 9 16 il 12 t3 M i5 16 7T I8 19 2 A 2 B ¥ B w i B
Taxa NNF NF D S5 NNF ONF D & KF N D SF NNF W D S NF N D S NF N 0 5 W N [ &
1. lallinectes sapidus o & 112 0 W 6 1 7 10 6 9 6 7T & 6 3 & MW B U W 4 & 4 4
Z. Litinia dubia
3. ioiiiquncuia brevis 5 4 6 6 5 6 3 & 4 1 12 1 1 2 1 1 7T 9 9
4. Paguridae 113 2 1 2 ] 3z z i1 303 7 2
5. Panopeus herbstii
6. Penaeys aztecus [ 2 i1 1 2 ! 1 3 Zz ©nowr iz
7. Penaeus setiferus o 1 B 12z 12 1211 12 12 11 12 1 1z i % 12 9 1010 8 %1210 4 & 1 4
§. Porceiianidae 12 2 L | 1 1 ;b2 I 2 1 Y,
9. Squilla espusa 13 ¢ 6 7 10 10 12 10 3 4 3 3 4 5 5 4 & 5 5 5 5 & 8 U 1 2 4 1




.es collected during the Gulfport fisheries study.

January36 fepruary ray Januarys?
Day Mgt bay Nigt Day Kight bay Rignt
0001 12 13 M5 e T BB % A R B KB KT BB NN B MUB KT R
WK D S NN N 0 SN N D S M N D S N N D S ONF N D S N N D S NN DS
8 10 7T 10 6 9 & 7T 5 6 3 4 10 8 Il W o4 4 4 4 1512109 1 3 z 2 & 2 2 2
1
4 1 I 2 1 l T 9 9 5 10 M & 1 2 4 3
T 3o 1o 503 2 22 4« 11 11 I
!
11 1 S TS T 2D U VN VA VAR N VAR VAR & 1 13
212 11 ozoulodir o910 0 B % 12N 4 41 4 7 s 4 3 3 3 5 4 6 6 6 6
IO T i 12 12 i 2 2

o403 03 45 5 4 6 5 5 5 5 9 BNt 2 4 1 9% 4& 7 B 13 1 2 1 3
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Table 3.3-13.

Diurnal abundance, by area, for fisheries organisms collected during tre
2 week pre-disposal field effort.

Day Night

(Q-mode designations) 1 2 3 4 5 6 7 8

Taxa NNF NF D SF NNF NF D SF
1. Anchoa mitchilli 52 69 109 119 52 91 61 61
2. Bairdiella chrysoura 2
3. Brevoortia patronus 5 1
4. Citharichthys spilopterus 1
5. Dagyatis sabina 1
6. Etropus crossotus 2 1 1 2 1 3 3 2
7. Hippocampus erectus 1 1
8. leiostomus xanthurus 1
9. Micropogonias undulatus 3 4 4 K] 5 1 M
10. Monacanthus hispidus 1
11. Peprilus triacanthus 2 7 9 6 3 1
12. Prionotus scitulus 2 1
13. Prionotus tribulus 7 10 6 4 11 14 7 9
14. Sphoeroides parvus 15 12 11 12 19 14 15 15
15. Symphurus plagiusa 2 3 3 3 1 i 7 2
6. Syngnathus louisianae 1
17. Trichiurus lepturus 1
18. Callinectes sapidus 11 10 12 8 11 12 10 10
19. Lolliguncula brevis 5 4 6 6 5 6 3 6
20. Paguridae 1 1 3 2 1
21. Penaeus aztecus 1 2
22. Penaeus setiferus 10 11 13 12 12 12 12 11
23. Porcellanidae 1 2 2 3 1 4
24. Squilla empusa 13 6 6 7 10 10 12 10
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Table 3.3-14. Diurnal abundance, by area, for fisheries organisms collected during the
2-week post-disposal field effort.

Day Night

(@-mode designations) 1 2 3 4 5 6 7 8

Taxa NNF NF D SF NNF NF D SF
1. Anchoa mitchilli 91 16 41 60 63 11 40 15
2. Arius feljs 1
3. Cynoscion arenarius 1 1 P
4. Cynoscion nebulosus 1
5. Etropus crossotus 3 3 2 6 1 1 3 8
6. Hippocampus erectus 1 1 1
7. Menticirrhus americanus 1 1
8. Micropogonias undulatus 1
9. Mugil cephalus 1
10. Peprilus triacanthus 15 1 4 1 1
11. Prionotus tribulus 12 17 7 9 4 6 4 4
12. Sphoeruides parvus 3 2 1 1 <
13. Symphurus plagiusa 5 1 2 1 2 2 6 2
14. Urophycis floridanus 1 1
15. Callinectes sapidus 8 10 7 10 6 9 8 7
16, Lolliguncula brevis 4 2 1 1 P
17. Paguridae 2 1 3 2
18. Penaeus aztecus 1 1 1
19. Penaeus setiferus 12 12 11 12 11 12 12 1C
20. Porcellanidae 1 1 1 1 1

21. Squilla empusa 3 4 3 3 4 5 5 4
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Table 3.3-15.

6-week post-disposal field effort.

Diurnal abundance, by area, for fisheries organisms collected during the

Day Night

(Q-mode designations) 1 2 3 4 5 6 7 8

Taxa NNF NF D SF NNF NF D SF
1. Anchoa mitchilli 114 99 111 179 142 126 136 142
2. Ancylopsetta gquadroceliata 1
3. Archosargus probatocephalus 1
4. Arius felis 1 4 1 6 3
5. Bairdiella chrysoura 1
6. Brevoortia patronus 50 7 18 3 15 63 26 17
7. Chilomycterus schoepfi 1
8. Cynoscion arenarius 2 2 2 1 1 1
9. Cynoscion nebulosus 1 1
10. Dasyatis sabina 2 1 1 1 2
11. Dorosoma petenense 12 17 6 2 6 5 1
12. Etropus crossotus 4 2 1 1 5 2 3 10
13. Gobionellus hastatus 1
14. Leiostomus xanthurus 1 1 17 2 2 4
15, Menticirrhus americanus 1 1 2 2 2 3 2
16. Micropogonias undulatus 6 4 5 8 4 5 8 2
7. Peprilus alepidotus 1 1 1
18. Peprilus triacanthus 5 2 5 3
19. Prionotus tribulus 15 23 16 17 17 28 25 10
20. Sphoeroides parvus 17 13 17 21 17 19 18 16
21. Symrhurus plagiusa 2 2 1 4 3 2 11
22. Syngnathus louisianae 1
23. Urophycis floridanus 3 5 1 5 2 4 7 3
24. Callinectes sapidus 6 6 3 4 10 8 11 10
25. Lolliguncula brevis 1 1 2 1 1
26. Paguridae 2 1 1
27. Penseus aztecus 2 1 1 3 2 1
28. Penaeus setiferus 12 9 10 10 8 9 12 11
29. Porcellanidae 1 2 1 2 1
30. Squilla empusa 6 5 5 5 5 9 8 11




-

Table 3.3-16. Diurnal abundance, by area, for fisheries organisms collected during th-
20-week post-disposal field effort.

Day Night
(@-mode designations) 1 2 3 4 5 6 7 8
Taxa NNF NF D SF NNF NF D LF
1. Anchoa hepsetus 3 1 1
2. Anchoa mitchilli 221 259 220 172 171 226 243 221
3. Ancylopsetta quadrocellata 1
4. Arius felis 606 523 303 188 688 644 441 370
5. Bairdiella chrysour 2 6 1 3 5 8 10 5
6. Brevoortia Qtronw 1 2
7. Chloroscombrus chrysurus 2 1
8. Citharichthys spilopterus 1 1 1 1 3 1
9. Cynoscion arenarius 6 3 7 12 11 5 18 4
10. Dasyatis sabina 2 2
11. Dorosoma petenense 62 49 9 11 26 9 9 9
12. Etropus crossotus 8 6 5 2 6 8 1 3
13. Gobionellus hastatus 1 1 1
14. Lagodon rhomboides 1
15. Larimus fasciatus 1 1 1 3 2
16. Leiostomus xanthurus 3 4 10 5 6 7 10 5
17. Menticirrhus americanus 16 5 8 1 9 7 2
18. Micropogoniss undulatus 110 82 184 131 158 157 281 148
19. Peprilus alepidotus 1 1 1 1
20. Peprilus triacanthus 19 44 16 18 26 11 12 7
21. Pomatomus galtatrix 1
22. Porichthys plectrodon 1 1
23. igm rubio 1 1 1
24. Pr,Lo us tribulus 6 9 20 15 6 8 30 23
25. Scomberomorus maculatus 1
26. M parvus 2 1 1 1 2
27. Sywphurus plagjusa 2 3
28. Tr imj, urus lepturus 23 12 17 6 10 21 11 2
29. Tripectes maculatus 11 6 3 2 31 13 5 3
. Callinectes sapidus 4 4 4 4 15 12 10 9
31- Lolliguncula brevis 5 7 9 9 5 10 14 8
. Paguridae 5 3 2 2 2 4 1
33 Penaeus aztecus 11 12 12 9 12 12 15 9
34. Penaeus getiferus 4 4 1 4 7 5 4 3
35. Porcellanidae 2 2
36. Squilla empusa 1 2 4 1 9 4 7 ]
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Table 3.3-17.

Diurnal abundance, by area, for fisheries organisms collected during the
52 week pre-disposal field effort.

Day Night
(@-mode designations) 1 2 3 4 5 6 7 8
Taxa NNF NF D SF NNF NF D SF
1. Anchoa mitchilli 28 50 70 86 119 79 85 263
2. Brevoortia patronus 1 3 2
3. Dorosoma petenense 1 3 1
4. Etropus crossotus 1
5. Micropogonias undulatus 2 2 1
6. Peprilus triacanthus 17 14 13 11 8 3 2 16
7. Prionotns tribulus 1 1 1
" 8. Sphoeroides parvus 1 1 1 1 2
9. Symphurus plagiusa 1
10. Urophycisg floridanus 1
11. Callinectes sapidus 1 3 2 2 4 2 2 2
12. Libinia dubia 1
13, Lolliguncula brevis 1 2 4 3
14, Paguridae 1 1 1 3 1 1
15. Panopeus herbstii 1
16. Penaeus aztecus 1 1 1 3
17. Penaeus setiferus 3 3 5 4 6 6 6 6
’ 19. Squilla empusa 1 3 1 2 1 3
)
{
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Figure 3.2-26 (2-week pre-disposal) showed no distinct diel or spatial
separation. The lack of a diel separation was again apparent during the 2-
week post-disposal sampling period (Figure 3.2-27), but the disposal area
sampling period linked more closely to the northern or reference sampling
period than to the southern sampling period.

Figure 3.2-28 shows a diel separation during the 6-week post-disposal
sampling period, but no clear spatial pattern. This is the only direct
linkage of a disposal area collection to a southern fringe area collection.
During the 20-week post-disposal sampling periocd (Figure 3.2-29), a close
linkage between the disposal and southern fringe area night collection
periods is present. The 52-week post-disposal monitoring period again
showed a diel separation with the daytime collection periods forming a
grouping (Figure 3.2-30).

The r-mode cluster analyses, presented in Figures 3.2-31 through 3.2-38,
were also developed utilizing the Bray-Curtis resemblance measure. This
analysis presents a series of similarity indices for all fisheries
organisms, vertebrates only, invertebrates only and by monitoring period for
all species collected and presented in Tables 3.2-10 through 3.2-17. Figure
3.2-29 shows the r-mode cluster analysis for all major fisheries taxa, both
vertebrate and invertebrate. Three major groupings were present. The first
grouping represents a series of species, both vertebrate and invertetrate,
that showed a ubiquitous temporal distribution over the monitoring periods
Table 3.2-10. This grouping includes Penaeus setiferus, (white shrimp),
Etropus crossotus, (fringed flounder), Anchoa mitchilli, Erionotus txibulus,
(bighead sea robin), Callinectes sapidus, (blue crab), and several others.
Four of the five numerically dominant invertebrates ocarred in this
grouping. The next grouping represents species showing a high occurrence
during the 6 and 20-week post-disposal monitcring periods. This grouping
includes Penaeus aztecus, (brown shrimp), Leiostamis xanthurus, (spot),
Micropogonias undulatus, (croeker), Arius felis and six other species. The
third grouping includes species having a low occurrence during the 6 and 20—
week post-disposal monitoring periods and absent during other monitaring
periods. These include Anchoa hepsetus, (striped anchovy), Chloroscombrus
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, FIGURE 3.2-31 R-MODE CLUSTER ANALYSIS, BOTH
VERTEBRATE AND INVERTEBRATE, COLLECTED
;.-' DURING GULFPORT FISHERIES STUDIES.
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FIGURE 3.2-32 R-MODE CLUSTER ANALYSIS OF THE
MAJOR VERTEBRATE TAXA COLLECTED DURING
THE GULFPORT FISHERIES STUDIES.
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chrysurus, (Atlantic bumper), Gobionellus hastatus, (sharptailed goby), and

seven other species.

Figure 3.2-32, representing the r-mode cluster analysis of the major
vertebrate taxa was divided into two major groupings. These groupings were
clearly separated on the basis of overall abundance with one grouping
consisting of the 17 numerically dominant vertebrate species. The other
grouping contained species with lower abundances, and their occurrences were
during the 6 and 20-week post-disposal monitoring periods. The r-mode
cluster analysis of the dominant invertebrate species is presented in Figure
3.2-33. The three most numerous species Squilla empusa, (mantis shrimp),
Penaeus setiferus and Callinectes sapidus form a tight cluster with the
others linking on in order cf decreasing abundance.

Figure 3.2-34, representing the r-mode cluster analysis for the 2-week pre-
disposal monitoring period showed an cbvious demersal species assemblage
with five mud-bottom dwellers forming a tight cluster. These five species,
and Sphoervides parvus, (least puffer), also display a fairly even
distribution over the collection periods and areas, showing no clear spatial
or diel preference. This grouping was part of a larger assemblajye of
species which displayed no clear spatial or diel distrilution. A second
small cluster was composed of five species Leiostomus xanthurus, Brevoortia
patronus, (Gulf menhaden), Monacanthus hispidus, (planehead filefish),
Citherichthys spilopterus, (Bay whiff) and Hippocampus erectus, (lined
seahorse), which occurred only in the disposal and southern fringe sampling

areas.

The r-mode cluster analysis for the 2-week post-disposal monitoring period
is presented in Figure 3.2-35. This figure again shows a tight grouping of
mud-bottom dwellers containing seven species and being part of a larger
grouping having no clear spatial or diel separation, but a rather even
distribution over the collection periods. This trend continues in Figure
3.2-36 that represents the r-mode cluster analysis for the 6-week post-
disposal monitoring period. Eight species form a grouping of mud-bottom
dwellers having no definite spatial or diel pattern to their occurrence.
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The 20-week post-disposal monitoring period shows a different pattern with
the three numerically dominant vertebrates Micropogonias undulatus, Anchoa
mitchilli and Arjus felis forming a tight grouping. This tight grouping
links to ancther larger grouping of species with varying abundances and
ubiquitous distributions with no diel patterns. The Q-mode figure for this
monitoring program (Figure 3.2-29), showed a linkage between the night
collections of the disposal and southern fringe sampling areas.

The 52-week post—disposal r-mode cluster analysis, presented in Figure 3.2-
38, differed from the other cold month monitoring periods in that no
assemblage of mud-bottom dwellers of high abundance was present. The Q-mode
for this sampling period (Figure 3.2-30), showed a diel separation and the
r-mode analysis supports this.

The analysis of variance (ANOVA) for the six most abundant species showed a
highly significant temporal distrilution for all six species (Table 3.2-18).
Only one species Arius felis, showed a significant spatial distribution with
the lowest abundance occcwrring in the southern fringe area (Table 3.2-10)
during the 20-week post-disposal monitoring period. Arius felis and
Prionotus tribulus both had significant spatial-temporal distributions. The
20~week post-disposal monitoring period was important for both of these
species with Arius felis being the mmerically dominant vertebrate species,
and Prionotus tribulus showing a distinctly higher abundance in the disposal
and southern fringe sampling areas.

Length~frequency diagrams, called Hubbsograms in honor of the original
authors describing their use (Hubbs and Hubbs 1953) are useful in describing
the time course of a series of fisheries collections. This is most useful
in describing the overall increase in size of a population of organisms over
a season and particularly helpful in discerning recruitment of juvenile
organisms into the local populations sampled.
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Table 3.2-18. Analysis of variance to determine major infiuencing factors
for the major taxa collected during the fisheries survey.

SOURCE F TAIL. SIGNIFICANCE
PROB.
MEAN 140.96  0.0000 *k
Anchoa PERIOD 9.98 0.0000 *kk
mitchilli STATION 0.39 0.7636
PS 0.58 0.8551
MEAN 83.10 0.0000 *kk
Arius PERIOD 82.22 0.0000 Kekek
felis STATION 2.75 0.0451
PS 2.75 0.0022 *k
MEAN 74.96  0.0000 Ll
Etropus PERIOD 0.86 0.0001 *kk
crossotus STATION 0.88 0.4512
PS 1.67 0.0800
MEAN 36.48  0.0000 kA%
Micropogonias PERIOD 21.87  0.0000 ok
undulatus STATION 0.94 0.4256
pPS 0.92 0.5282
MEAN 144.92  0.0000 *h%
Prionotus PERIOD i4.31 0.0uwu ok %
tribulus STATION 1.24  0.2990
PS 1.93  0.0356
MEAN 10.73  0.0013 *k
Sphoerojdes PERIODL 3.54 0.0087 *k
parvus STATION 0.80 0.4966
s 2.75 0.6976

Error Degrees of Freedom = 140 for all species (n=160).

*hk
*k

very highly significant difference
highly significant difference
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The Hubbsogram Figures 3.2-39 through 3.2-44, show the alundance and size
distribution, including the standard deviation and the mean, for each of the
major vertebrate species presented in Table 3.2-18. Anchoa mitchilli
(Figure 3.2-39) showed a small decline in mean standard length from Decembe =
to February, and then an increase in May. The 52-week post-disposal mean
standard length was comparable to that of the previous year. Arius felis
(Figure 3.2-40) showed no great variation in mean standard length from the
2-week to 20-week post-disposal monitoring periods, and the abundance
increased during the 20-week post-disposal sampling period. Arius felis was
not present during the 2-week pre-disposal or 52-week post-disposal samplinj
periods when water temperatures were lowest. Etropus crossotus (Figure 3.2-
41) had a nearly constant mean standard length (SL) of 51.4 -51.9 mm from
December to February, and an increase to 82.9 mm SL in May. May was
characterized by a size class of 72-97 mm 5L except for a single individual
of 41 mm SL. Micropogonias undulatus (Figure 3.2-42) showed a distinct drop
in abundance during January (2-week post—disposal) and the presence of two
distinct size classes are 32-75 mm and 103-120 mm SL. A clear distinction
in size class is not apparent during the 20-week post-disposal sampling
period, but shows up again during the 52-week post—disposal pericd with one
individual of 23 mm SL separating from the others which ranged between 93
and 118 mm SL. Prionotus tribulus (Figqure 3.2-43) demonstrates a continual
increase in mean standard length from the 2-week pre to the 20-week post-
disposal monitoring periods with the population in February having a size
range of 23-52 mm and one individual of 70 mm SL. The mean standard length
increased to 63.2 mm during the 20-week post-disposal monitoring period.
The 52-week post-disposal monitoring period again showed a lower mean
standard length of 35.3 mm. Sphoeroides parvus (Figure 3.2-44) showed a
decrease in the mean standard length during the 20-week post-disposal
monitoring period from the previous monitoring periods. This decrease was
due to the presence of a highly varied size range of 22 to 84 mm SL. The
mean standard length increased to 49.3 during the 52-week post-disposal
sampling period.
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4.0 DISCUSSION

4.1 PHYSICAL / CHEMICAL ENVIRONMENT

4.1.1 Bathymetry

Results of the four bathymetric surveys conducted at the Gulfport Ship Channel
open water dredged material disposal site showed definite areas of sediment
deposition within both the disposal and fringe areas. The area of greatest
deposition was located within the disposal area, with a maximum sediment rise
of less than 1 ft.

Determination of the volume and areal extent of the area of sediment deposition
with a rise of 0.5 ft or greater was determined based on the difference in
depth between the predisposal and 2-week post-disposal surveys. A total of
61,385 yd> was deposited by the dredging contractor in his report. Based on
bathymetry a calculated volume of 80,900 yd> of sediment covering an area of
514,000 yd? was aeposited within the overall study site. The reported versus
calculated differences is explainable by dredged material bulking. Eighty-

six percent (69,800 yd3) of the calculated total volume of sediment deposited
with a rise of 0.5 ft or greater was located within the disposal area.

Fourteen percent (11,000 yd3) of the total volume of deposited sediment was
located within the fringe area. Eighty-five percer: of the areal extent of the
sediment mound was located within the disposal area, with the remaining

15 percent within the fringe area. These numbers corresponded well with the
location and depth of the dredged materials as determined by sediment profile
photography (Figure 4.1-1).

Results of the 6-week and 20-week post—disposal bathymetric surveys showed a
gradual decrease in both the areal and volumetric extent of the s~diment mound
with time. The sediment mound identified during the 6-week post-disposal
survey contained 50,500 yd3 (62 percent) less sediment than during the 2-week
post—disposal survey. The areal extent of the sediment mound decreased by
285,000 yd? (55 percent) during the same time period. Results of the 20-week
post—disposal bathymetric survey show the sediment mound created by the thin-
layer dredge disposal operations to be nearly undetectable.

Ninety-five percent (76,600 yd3) of the total volume of the sediment deposited
during disposal operations was found to have been dispersed during the 20-week
post-disposal survey. The areal extent of the sediment mound (0.5 ft or
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greater) during the 20-week post-disposal survey was 26,000 yd?. This
represents A i decrease of 488,000 yd? (95 percent) between the 2-week ard
20-week post-disposal surveys.

Results of the four bathymetric surveys show the thin-layer dredged matericl
disposal methodology employed at the Gulfport Ship Channel open water disposal
site was effective in achieving a sediment rise of less than 1 ft in the
disposal area. Ninety-five percent of the sediment mound with a rise of 0.5 ft
or greater was found to be dispersed within 20 weeks following campletion of
disposal operations. The observed dispersal of sediments was likely due to
wave-induced turoulence at the disposal site. Evidence for this presumption is
given below.

The vertical sediment profiling results conclusively show the placement of the
dredged materials at the Gulfport Harbor study site (Figure 4.1-1). The 2-week
post-disposal sediment profile survey indicated a dredged material depth of 13
to 15 am at stations 4-4, 4-5, 5-4 and 5-5 with the sediment tapering off to
the southwestern quadrant. The material was still detectable at a thickness of
up to 14 cnm 6-week post-disposal. In addition there was an indication that the
material was moving to the southwest since the depth of the material had
increased at stations 4-2 and 4-3 from the 2-week to the 6-week survey. By the
20-week survey, the dredged material was only detectable at 4 stations to a
maximum depth of 7 am. By the 52-week sampling, dredged materials were present
only at stations 4-4 and 4-5.

The results of vertical sediment profile imaging corroborated the results of
the bathymetric survey that indicated a loss of materials (Figure 4.1-1). The
dredged materials declined in both depth and spatial coverage from the 2-week
post-disposal survey through the 6-week, 20-week ard 52-week post disposal
efforts. For example, at one grid station (WE-5-5), a positive signature of
the aredged material (>15.2 cm) was present in the 2-week image, 4 cm of
dredged material was observed in the six week image and at twenty weeks post-
disposal there was little evidence of any dredged material in the images. At
52-weeks post-disposal, the dredged material signature was recognizable but had
lost much of its distinctiveness.
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The signature of deposited materials as detected by analysis of the vertical
sediment profile images slowly disappeared with time, presumably due to
physical and biological reworking of the sediments (see Plate 3.1-3). The
material was only detectable at two stations (4-5 and 4-6) during the 20 and
52-week post disposal surveys. It should be noted that the dredged materials
detected during the 52 week post-disposal survey had been extensively
"weathered" and modified by bioclogical activity. From this evidnece, the
activity of bioturbation was a significant factor in trems ¢ system recc.-=r,
following dredged material disposal.

Based on the imagery, the decline of the dredged materials could be atirilated
to both physical loss (erosion) of the materials and biological reworking
(mixing with underlying sediments). The appearance of myd lumps and casts were
indicative of large scale physical activity in the area.

The only other sediment profile parameter that changed was the depth of the RPD
which showed a slightly shallower depth 2-week post-disposal. All other
surface and subsurface features were similar throughout the study.

4.1.2 Water Quality

Ambient water—-quality conditions in the study area during the predisposal
water—-quality survey were highly uniform at all stations. DO concentrations
were relatively high at all stations and depths, with individual values ranging
from 7.8 to 10.4 mg/L. Water temperature was typical for the winter months,
with values ranging from 12.0 to 13.0°C. Salinity demonstrated little
variability and averaged 21.9 ppt in the study area. Total suspended solids
measured during the predisposal survey ranged fram <5 to 74 mg/L.

Results of the predisposal water-quality survey irdicate the water colum in
the study area is highly mixed and typical of near-shore conditions.
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4.2 BIOLOGICAL RESOURCES

4.2.1 Benthic Macroinfauna

Organism alundance for the 2-week predisposal period showed a diverse commmity
throughout the study area with the mumber of organisms generally in the range
of 2-3000 organisms -m 2. Daminant taxa included the polychaetes Armandia
maculata, Podarkeopsis levifuscina, Sicambra tentaculata, and Paramphibome
pulchella, the brittlestar Micropholis atra, the hemichordate Balanoglossus
c.f. aurantiacus and rRhynchocoela. The mumber of taxa per grab averaged about
25 during the predisposal period, the highest during the five sampling periods.

Abundance of organisms during the 2-week and 6-week post-disposal samplings and
the corresponding dredged material overburden for comparison is presented in
Figure 4.2-1. The organism abundance contours in this figure were adjusted to
show only abundances of less than 1500 organisms-m™2. While much of the
surrounding area remained in the 2-3000 organisms -m~2 rarge, stations in the
disposal area and two of the south-west fringe stations had less than 1000
organisms -m~2. This was a highly significant difference in abundance and
could be directly attributable to the disposal operation. By the 6~week post-
disposal period the abundances had recovered somewhat in that only two of the
impacted stations had less than 1500 organisms -m~2 (Figure 4.2-1). The 20-
week and 52-week post-disposal abundances (see Section 3.2.1) had returned to
the predisposal levels of 2-3000 organisms -m"2.

In terms of the number of organisms per sample, a trend similar to the decrease
in abundance was noted (Figure 4.2-2) The 2-~week post-disposal survey shows a
depression in the number of taxa at the same stations that exhibited the low
abundances (Figure 4.2-1). By the 6-week post-disposal monitoring period, the
number of taxa had returned to values more similar to the reference stations.
By the 20-week post-disposal survey the disposal stations could not be
distinguished from the other stations sampled.

The findings in the spatial analysis of the data are corroborated by the ANOVA
and the cluster analyses. In all cases, the 2-week post-disposal stations 4-3,
4-4, 4-5 and 5-3 were separated from the other stations sampled. This
indicates that a distinct conmmity shift was noted in the impacted stations,
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presumably because of the change in abundance of several taxa (most notably
Armandig and Medigmastus which were important in overall community composition.

The decrease in abundance and species composition was also parallelled by a
decrease in macroinfauna biomass which showed a distinct decline in the
disposal area during the 2-week post disposal sampling effort. Some recovery
in total biomass was noted by the 6-week post-disposal sampling but the
disposal site stations did not return to levels seen at the surrounding
stations until the 20-week period.

Based on these findings, it is reasonable to conclude that the dredged material
was primarily discharged in an area bounded by the stations 4-3, 5-3, 4-5 and
5-5. Since this includes two stations in the southwestern fringe area it is
likely that the majority of the material disposed was probably not in the
direct center of the disposal area as depicted in this study but was mostly
discharged on the southwestern part of the disposal area. There was no dredge
material detected in the northeastern most poition of the disposal area. This
observation would sigest that the random station sampling may not be
sufiicient to detect a biological impact within the disposal area since it
included both impacted and unimpacted stations and the impacts were averaged
out. This suggestion is supported by the results of the random station ANOVA
which showed no significant differences between experimental strata. Since the
inclusion of the random sampling was primarily to observe sampling variability
and adequacy in terms of single box-core sample, the sampling did serve a
valuable role in the study. Additionally, it should be noted that the fixed
station sampling more than adequately detected the impacts from the disposal
event.

Based on the results of recruitment sampling, no large scale recruitment events
occurred immediately following the disposal operation. Overall, based on both
recruitment and vertical sediment imagery, the recruitment of organisms into
the dredged materials was dominated by adult migration or adult survival,
followed by a strong pulse of spring recruitment the following spring.
Subsurface activity immediately following the disposal event appears to have
slowed primarily due to seasonal temperatures.
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In terms of abundance of individual taxa, all species tested, except for the
polychaete Sigambra tentaculata, showed significantly lowered abundances at tle
disposal stations. This indicates that except for pioneering types of ta i,
all macroinfauna were equally affected by the material discharge. This implies
that impact was of a physical nature since there was no selectivity in terms £
reducing certain commnity members. This is supported by the Q-mode cluster
analyses in that there were no large scale cammunity shifts in terms of
selective impacts to individual species as a result of the discharge.

Sedinent profile photography also indicated that there was a transient shift in
the community as a result of the disposal operation. The study area was
characterized as a late Stage II - Stage III commmnity during the predisposal
effort. The 2-week post-disposal survey showed some areas impacted by the
disposal operation to be of early Stage I type commmnity and others to be late
Stage I to Stage II based on the amount of bwrrowing activity. Even during the
2-week post-disposal sampling there were signs of advanced recolanization at
some of the dredge material sites. These observations are suggestive of an
upward migration of the larger fauna. It should be emphasized that no azoic
(devoid of organisms) areas were found.

The community at Gulfport Harbor is an advanced Stage II to Stage III
commmnity. Several large tube-dwelling and head down feeder organisms were
collected including several brittlestar and holothurians. These organisms are
known for their intense burrowing behavior which probably contriluted to the
rapid recovery and reworking of the dredged materials due to some upward
migration through the thin layer of dredged material.

4.2.2 Demersal Organisms
The abundance of demersal fisheries organisms, as seen in Table 3.2-10,

followed distinct seasonal trends. This can be illustrated with Arius felis
had very low abundances or absent during cold month monitoring periods, but
being the numerically dominant vertebrate during the 20-week post-disposal
sampling period in May. Anchoa mitchilli was the only species present in high
numbers during all monitoring periods. Several other discernable trends were
also present. Etropus crossotus and Prionotus tribulus had a constant presence
during the first four monitoring periods, but were nearly absent during the 52-

E-154




week post-disposal sampling period. This sampling period corresponded to a
period of very cold weather which caused a drop in water temperature and is
very possibly the reason for their absence. This trend was also noted in the
macroinfauna commmity in terms of a species shift noted during the same
period. Thus, from these observations it can be concluded that the shift in
species noted during the 52-week sampling in both the macroinfauna commmity
and the demersal organisms could be attributed to adverse hydrographic

| conditions.

Another trend is seen in Micropogonias undulatus and Sphoervides parvus,
species which displayed obvious decreases in abundance during the 2-week post-
disposal monitoring period. However, another species, Penaeus setiferus,
showed no obvious decrease in abundance in the post-disposal monitoring periods
until its expected decrease during the warm weather monitoring period.

Along with the variability in abundance, a corresponding change in the number
and composition of taxa collected was also noted, (Tables 3.2-13 through 3.2-
17). This and the analysis of variance (Table 3.2-18), support the importance
of the temporal influence. The ANOVA table also demonstrates that a
significant spatial influence was present for only one of the six numerically
daominant vertebrate species. This significance is attributable to the 20-week
post-disposal collections of Arius felis (Table 3.2-16), which showed a
distinct trend in abundance from the shallowest most-northerly reference area
to the deeper southern fringe area. The trend does not indicate a distinct
avoidance of the dredged material disposal area. In addition to these
cbservations and statistical analyses, the cluster analysis for each of the
monitoring periods (Figures 3.2-26 through 3.2-30) shows a closer linkage of
the disposal area to the northerly reference area or northern fringe area than
to the southern fringe area. The 20-week post-disposal monitoring pericd is a ‘
notable exception. The linkage of the disposal and southern fringe areas )
during the 20-week post-disposal sampling period, however, is due to the
previously mentioned decrease in abundance seen in these areas by the dominant -
species Ariys felis. Figure 4.1-1 shows a southerly position of the disposal
area and a general southwesterly movement of the dredged material. While it
may be tempting to draw a conclusion of an obvious dredged material influence
from these data, it must be remembered that the linkage of the disposal area to
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the more northern treatment areas occurred during the pre-disposal as well as
post-disposal monitoring periods. Also, the dominant vertebrate species during
four monitoring periods was a non—demersal planktivore Anchoa mitchilli, which
is probably a poor species for indicating sediment impacts. In addition, the
demersal invertetrate species Callinectes sapidus, Penaeus setiferus and
Squilla emusa display no decrease in abundance in the disposal or southern
fringe areas (Table 3.2-12) during any of the post-disposal monitoring periods.
This is not confined to benthic invertehrates as Figures 3.2-34 through 3.2-36
show tight groupings of these invertebrate species with bottamdwelling
vertebrates. This observation is in contrast to the macroinfauna commmnity
which showed a distinct reduction immediately following the disposal operation.
Thus, the larger more mobile demersal species may have moved back into these
areas immediately following the discharge of materials.

The Hubbsograms, Figures 3.2-39 through 3.2-44, show an increase in mean
standard length over the course of the first three post-disposal monitoring
periods for five of the six major fish taxa. This indicates a growth period
correlating to warming temperatures. Only Spheeroides parvys decreased in mean
standard length in May due to the presence of a highly variable size range.
This is probably due to the addition of a new year class to the existing
population. The presence of a new year class can also be seen in Micropogonias
undulatus with the first year class ranging from 32-75 mm SL and an older year
class of 103-121 mm SL. The small size of Prionotus fribulus during the first
three field efforts seems to indicate that juveniles of this species winter
within estuarine areas. Their large increase in standard length again shows a
distinct growth period before the advent of late spring and summer spawning
(Williams, 1983). The presence of juvenile and first year class individuals
within the monitoring area seems to indicate that it was not avoided as a
mrsery area and that no adverse effect of dredged material disposal on younger
stages of the life cycle was present.

It is clear from all the presented data that there is a strong natural temporal
influence on the fisheries resource within this shallow estuarine area. The
disposal of new work dredged material within the monitoring area showed no
short-term impact of a magnitude approaching the natural seasonal events. The
presence of a short-term impact on certain species, notably Micropogonias
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undulatus and Sphoervides parvus, however, did seem to be indicated. The data
collected and presented shrcv that no significant impact occurred on the

fisheries resource as a whole, and no changes in utilizaticn of the disposal
area appeared to have taken place.
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5.0 CONCLUSIONS

Based on the results of the bathymetric survey, the benthic invertebrate
sampling and the vertical sediment profiling, dredged material was disposed i
an area bounded by stations 4-3, 5-3, 4-6 and 5-6. The depth of the material
was between 6 - 12 inches based on the precision bathymetrv arx' slightly
greater than 6 inches ( > 15 cm) based on sediment profiling. The materials
were detectable during the 6-week post—disposal monitoring period by both
precision bathymetry and vertical sediment profiling, but were almost
undetectable at many disposal stations by the 20-week post-disposal survey.
The observatior further indicated that the sediments were being transperted in
a southwesterly direction.

Impacts to the benthic macroinfauna community was observed in terms of lowered
abundances ( < 1000 organisms -m 2 versus 2-3000 organisms -m~2) and slightly
lover numbers of species ( <15 versus 25) at the stations directly impacted by
the dredging operation. This observation was corrcborated with the biomass
data and the vertical sediment profile images in terms of successional stages
of the benthos. By the 6-week post-disposal survey, same recovery of the
benthic animals was observed in both an increase in the numbers and kinds of
organisms at the disposal site. By the 20-week post—-disposal survey, no
differences between the disposal, fringe or reference sites could be detected.
This recovery paralleled the disappearance of the materials observed by the
bathymetric data and the sediment profile imagery. In part, the disappearance
of the material cculd be directly attributable to the biological reworking of
the dredge materials, incorporating them with the underlying sediments.
However, evidence of large scale physical events were noted in the vertical
sediment profile images in terms of mud clasts and lumps of presumably physical
origin.

Recovery of the area in terms of the macroinfaun: was primarily mediated by
rapid adult migration into the area and some survival and subsequent migration
through the disposed materials. No large scale larval recruitment was noted
but this was due more perhaps to seasonal factors since the recovery occurred
through the winter months.
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The impacts of the new work dredged material disposal appear to have been
confined to a limited portion of the fisheries resource, namely Micropogonias
undulatus and Sphoervides parvus. This impact was short-te.m as populations
that were noticeably low during the 2-week post-—diesnosal m.nitoring period had
returned by the 6-week post-disposal monitoring pericd. There was no
observable impact on the fisheries resource as a whole, either short or long
term. This reflects the differences in the community types of the bent in
macroinfauna and fisheries resource populations. The relar:vely sessile
benthic population displayed more sensitivity to the area-’ ‘mited perturbation
of thin-layer disposal in terms of a reduction in the abundance of some of the
major taxa, total number of organisms, mumber of species and in total biomeas.
This impact was temporary and within 20 weeks after the material uisposal w.e
macroinfauna community had recovered so that the impacted area was no longer
distinct from the surrounding reference and fringe areas.

This report has answered several questions concerning the disposal of dredged
material using the "thin-layer" methodology. Based on the bathymetry portion
of this study, we determined that the operation was successful in obtaining a
"thin-layer" of dredged materials to a nominal 6-12 inches of overburden. The
areal extent of the overburden was directly measured. Direct charges in
sediment and benthic community characteristics were observed following dredged
material disposal. Within 20 weeks post-disposal, the benthic community had
returned to levels observed during the predisposal sampling. Direct
observation of the dredged material was noted 52-weeks following disposal but
only in a small portion of the disposal area and the materials had been
extensively "weathered" by physical and biological reworking. No charges were
observed to have taken place in the utilization of the area by fisheries
resources.
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